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Sulfonamido Ether Sabstitated Imidazoqnmolines 

Field of the Invention 

This invention relates to imidazoquinoline compounds &at have ether and 
5 sulfonamide or sulfamide functionality at the 1 -position, and to phannaceutical 

compositions containing such compounds. A jEur&er aspect of this invention relates to die 
use of these compounds as inrnmnomodulators, for inducing cytokine biosynthesis in 
animals, and in dse treatment of diseases, including viral and neoplastic diseases. 

10 Background of flic Invention 

The first reliable report on die llf-imidazo[4,5-c]quinoline ring system, Backman 
et al., J, Org. Chem. 15, 1278-1284 (1950) describes Oie syntiiesis of l-(6^edioxy-8- 
quinolinyl)-2-methyl-l/r-imidazo[4,5^]quinoline for possible use as an antimalaiial 
agent Subsequently, syntheses of various substituted lff-iniidazo[4,5-c] quinolines were 

15 reported For example, Jain et aL, J. Med. Chem. 1 1, pp. 87-92 (1968), synthesized the 
compound l-[2-(4-piperidyI)etfa^]-l/Mmidazo[4,5-c]quinoline as a possible 
anticonvulsant and cardiovascular agent Also, Baranov et al., Chem. Abs. 85, 94362 
(1976), have reported several 2-oxoimKiazo[4,5-c]quinolines, and Berenyi et aL, L 
Heterocyclic Chem. 18, 1537-1540 (1981), have reported certam 2-axoiniidazo[4,5- 

20 cjquinoliiies. 

Certain LZf-iniidazo[4,5-c]quinolin-4-ani]nes and !• and 2-substitutBd deiivativea 
diereof were later found to be useful as antivira! agents, fanmchodilators and 
immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4,689,338; 
4,698,348; 4,929,624; 5,037,986; 5«268,376; 5,346,905; and 5,389,640, all of which are 

25 incoiporated herein by reference. 

There continues to be interest in the imidazoquinoUne ring system. Certain IH- 
imidazo[4,5-c] m^htfayridine-4-amines, IH-imidazo [4,5-c] pyridin-4-amines, and IH- 
imidazo[4,5-c] quinolin'4-amines having an ether containing substituent at the 1 position 
are known. These are described m U.S. Patent Nos. 5,268,376; 5,389,640; 5,494,916; and 

30 WO 99/29693. 

There is a contmuing need for compounds that have the ability to moduhte the 
immune response, by mduction of cytokine Inosynthesis or other mechanisms. 
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Snmmarv of tiie Inv^ndim 

We have found a new class of compomids Ifaat axe usefid in inducmg cytDkme 
biosynthesis in animals. Accordingly, tins invention provides iinidazoquinoline-4-amine 
S and tetiahydroimidazoquinoIine-4-anune compounds diat have an ether and sulfonamide 
or sulfamide containing substituent at flie 1 -position. The compounds are defined by 
Formulas (I) and (II). which axe defined in more detail infra. These compounds share ^ 
general stxuctoral formula 




wherein X, Ri, Ri. and R axe as defined herein for each chiss of compounds having 
Formulas (I) and (D}. 

15 The compounds of Formulas (0 and Q£i axe useful as immune response modifiers 

due to dieir ability to induce cytokine biosynthesis and otterwise modulate the immune 
response when admimstered to animals. This makes die compounds usefiil in die 
treatment of a variety of conditions such as viral diseases and tumors that are responsive to 
such changes in the immune response. 

20 The invention further provides pharmaceutical compositions containing die 

immune response modifying compounds, and methods of inducing cytokine biosynthesis 
in an ATriTnui^ treating a viral infection in an animal, and/or treating a neoplastic disease in 
an animal by administering a coxnpound of Formula (I) or (0) to the animaL 

In addition, the invention provides methods of synthesizing die compounds of the 

25 • invention and iK>velintemiediates useful in the synthesis of these compound 
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PetafledPescriptliinnf A.T,«.,.i , 

As mentioned eadicr. we have found certain compounds that induce cytokine 
biosynthesis and modify the immmie res^ 
represented by Fonnulas (I) and (D), shown below. 

Imidazoquinoline compounds of the invention, which have ether and sulfonamide 
or sul&mide fenctionaKty at the 1-position are represented by Formula (1): 




0) 

wherein: X is -CHR,-, <m,-alkyK or-CHR5-alkcnyl.; 
Ri is selected fixnn the group consisting ofi 
-R4.-NR3-s62-iU-aIkyl; 
-R4-NR3-S02-R6-aIkenyI; 
-iU-NRr-SOi-Rtf-aryl; 
-RrNRr-SOj-JU-hetefoaiyl; 
-lLr-NR3-^(V«Hieterocyclyl; 
-R4-NRa-S02-R7; 
-R4-NR3-SQj-NR3-R«.aIkyl; 
•R4-NR3-S02-NR5-R6-aIkenyI; 
-R4-NR3-S02-NR3-I^.aiyl; 
-Ri-NRj^Cb-NRrlU-heteioaryl; 
-R4-NR3-S02-NR5-8<-heterocyclyl; and 

Ri is selected fixnn die group consisting o£ 
-hydrogen; 
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-alkyl; 

-alkenyl; 

-aiyl; 

-heteroaxyl; 
5 -heterocyclyl; 

-alkyl-Y-alkyl; 
-alkyl- Y-alkeiryl; 
-alkyl-Y-aryi; and 

- alkyl or alkenyl substituted by one or more substituents selected 
10 fiom the group consisting of: 

-OH; 
•Iialogen; 
-N(R4)2; 
-CO-NOtste 

15 -CO-Cwo alkyl; 

-CO-O-Cmo alkyl; . 

-Na; 
«aiyl; 

•heteroaryl; 

20 -hetcrocyclyl; 

' -CO-aiyl; and 
-CO-heteroai^ 

Yi8-0-or-S(0)(MS 
25 Ks is H, Clio aHyl, or aiylalk^ 

each it4 is independently alkyl or alken^ which may be intenupted by one 

or more -O- groups; or and R4 can jom togeflier to form a ring; 

each Ba is independently H, Cmo alkyl, or C2.10 alkenyl; 

lU is a bond, alkyl, or alkenyl, which may be intenupted by one or more 
30 *0 groups; 

R7 is Cmo alkyl; or R3 and R7 can join together to foim a ring; 

n is 0 to 4; and 
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each R present is independently selected from tb& group consisting of C^o 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromcthyl; 
or a phannaceutically acceptable salt tiieieof. 
The invention also inchidca tctrahydroimidazoquinoline compounds that bear an 
ether and sol&nomide or sulfimide containing substituent at the 1-position. Such 
tetrahydroimidazoquinoline compounds axe lepxesented by Formula (II): 



Ah 



(D) 

10 

wherein: X is -CHR5-, -CTRj-alkyK or-CHRs-alkenyls 
Ri is selected fiom die group consisting o£ 
NR3-S02-R«-aIkyl; 

-R4— NR3— S02-"R«— aDcenyl; 
^5 -R^-NRj-SCW^THttyl; 

-R4~1^3-S02-R<rhetBroaiyU 

-R^-NRj-SOi-RHietBrocycIyl; 

-R4-NR3-SO2-R7; 

-R4-NR3-S02-NR5-R6-aIkyl; 
20 -R4-NR3-SOrNR3-R<s-aIk»nyl; 

-R4-NR3-S02-NR3-R«-aryl; 

-R4-NR3-S02-NRi-R6-hcteroar>4; 

-R4-NR3-S02-NR4-R^-hetBrocyclyl; and 

-R4-NR3-SC)2-NH2; 
2^ Ri is selected from the group consisting o£ 

-hydrogen; 

-alkyl; 
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-hetexoaxy^ 
-hetBiocyclyl; 

-allgrl-Y-alkenyl; 
-alkyl-Y-aiyl; and 

- all^l or alkenyl substituted by one or more substituents selected 
from the ffonp consisting of: 
10 OH; 

-halogen; 
-N(R5)2; 
-C0-N(R5te 
•CCKJi-ioall^; , 
15 -CO-OCi.iodkyl; 

-aiyl; 

-hetcroaiyl; 
-heterocyclyl; 

20 -CO-aiyl;and 

-CO-hcteroaiyl; 

Yu-0-or^(0>«-; 
Ra is H, Ci.]o aH^ or aiylalk^ 
25 each R4 is indqsendontly alkyl or aOcenyl, which may be internqsled by one 

or more -O- groups; or R3 and R4 can join tDgedier to fbnn a ring; 
each Rfi is independently H, C|.io aDqi, or Cj-io aDcenyl; 

is a bond, alkyl, or aOoniyl, which may be interrupted by one or more 
■O- groups; 

30 R? is Cmo alkyl; or R3 and R7 can join together to form a ring; 

n is 0 to 4; and 
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each R present is independently selected from ^ group consisting of C1.10 
alkyl, Cj-io aIko>ty, hydroxy, halogen, and trifluoromethyl; 
or a phaxmaceutically acceptable salt thereof. 

S Preparatio^ pf fl^ Compounds 

Compounds of die invention can be prepaied accoiding to Ridaction Scheme I 
where R, R|, R2, X and n are as defined above. 

In step (1) of Reaction Scheme I a 2,4^UonH3-iutroquinoIine of Fommla X is 
reacted widi an amine of Formula R1-O-X-NH2 to provide a 2-chloro-3-nitroquinolin-4- 

10 amine of Formula XL The reaction can be carried out by adding famine to a solution of 
a compound of Formula X in a suitable solvent such as chloroform or dichloromethane 
and optionally heating. Many quinolines of Formula XI are known or can be prepared 
using known synthetic methods, see for example, Andre et al., U.S. Patent No. 4,988,815 
and references cited dierein. Many amines of Formula Ri-OX-NHj are known; some are . 

1 5 commercially available and others can by prepared using known synthetic methods. 

In step (2) of Reaction Scheme I a 2-chloro-3-nitroquinolin-4-ainine of Formula XI 
. is reduced to provide a 2-chloroquiiioliiie-3,4Hliainine of Formula Xn. Preferably, die 
reduction is carried out using a conventional heterogeneous l^drogenation catalyst such as 
platinum on carbon or palladium on carbon. The reaction can conveniendy be carried out 

20 on a Parr apparatus in a suitable solvent such as etfaaiiol,isq>roparu>l or toluene. 

In step (3) of Reaction Scheme I a 2-chloroquinoline-3,4-diarmne of Formula XII 
is reacted with a carboxylic acid or an equivalent thereof to provide a 4-chloro-l//'- 
imidazo[4,5*<;]quinoline of Formula XIIL Suitable equivalents to caittoxylic acid include 
orthoesters and 1 , 1 -dialkoxyalkyl alkanoates. The carboxylic acid or equivalent is 

25 selected such that it will provide the desired R2 substituent in a compound of Formula 

Xm. For example, triethyl orthoformate wiU provide a compound where R2 is hydrogen 
and triethyl orthoacetate will provide a compound where R2 is methyl. The reaction can 
berunintfaeabsenceof solvent or in an inert solvent such as toluene. The reaction is run 
with sufBcient heating to drive off any alcohol or water formed as a byproduct of die 

30 reactioa 

Alternatively, step (3) can be carried out by (0 reacting the diamine of Formula XII 
widi an acyl halide of Formula R2C(0)C3 and then (iQ cycliadng. In part (i) the acyl halide 
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is added to a solution of &e dianiine in an inert solvent such as acetonitrile or 
dichloromcthane. The reaction can be carried out at ambient temperature. Ths product 
can be isolated using conventional mefliods. In part (ii')tiie product ofpart© is heated in 
an alcoholic solvent in tbt presence of a base. Preferably Ae product of part (0 is tefluxed 
in ethanol in the presence of an excess of triefliylamine or heated with mefhanolic 
ammonia. - 

In step (4) of Reaction Scheme I a 4-chlorK>-liif-imidazo[4,5-c]quinoline of 
Formula Xm is aminated to provide a l/f-nmdazo[4>c]quinolin-4-amine of Formula I. 
The reaction is carried out by heating (e.g.,125-175^ a compound of Formula Xffl under 
pressure in a sealed reactor in the presence ofa solution ofammonia in an alkanol. The 
product or a pharmaceutically acceptable salt thereof can be isolated using conventional 
metiiods. 



Reaction Scheme I 




Compounds of the invention containing a sulfonamide group can be prepared 
according to Reaction Scheme II where R, Ra, Rj , R4, X and n are as defined above, BOC 
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is ^eft-butoxycaibonyl and Rn is -F^-alkyl, -R«-aiyl, -R<4ieten)aiyl or -R6-hcterocyclyl 

where R6 is as defined above. 

In step (1) of Reaction Scheme H die amino group of an aminoalcohol of Formula 

XIV is protected widi a terr-butoxycarbonyl group. A solution of die aminoalcohol in 
5 tetrahydrofuian is treated with di-/ert-butyl dicaibonate in the presence of a base such as 

sodium hydroxide. Many aminoalcohols of Formula XIV are conmiercially available; 

others can be prepared using known synthetic methods. 

In step (2) of Reaction Scheme n a protected amuioalcohol of Formula XV is 

converted to an iodide of Formula XVL lodineisaddedtoasoluticmof 
10 tripheiq^lphospliine and imidazole in dicUorometfaane; tbea a solution of a protected 

aminoalcohol ofFormuIa XV in dichloromethaiie is added. The reaction is carried out at 

ambient tempenituie. 

In step (3) of Reaction Scheme II a l/r-imidazD[4^]quinolin-l-yl alcohol of 

Foxmula XVn is aO^lated with an iodide of Formula XVI to provide a .lH-anidazo[4,S- 
15 c]quinolin-I-yl ether of Formula XVIII. The alcohol of Fomiula XVII is reacted with 

sodium hydride in a suitable solvent such as NJ^-dimethylformamide to form an alkoxide. 

The iodide is added to the alkoxide solution at ambient te mp e r ature. After the addition is 

complete the reaction is stirred at an elevated temperature (~100°C). Many compounds of 

Foraiula XVII are known, see for example, Gerster. U.S. Patent 4,689,338; others can 
20 readily be prepared using known synthetic routes, see for example, Gerster et al., U.S. 

Patent No. 5,605,899 and Goster. U.S. Patent No. 5.175,296. 

In step (4) of Reaction Scheme n a l^-imi(lazo[4^-^]qumolin-l-yl etiier of 

Formida XVIII is oxidized to provide a l^-imidazo[4,5-c]qu]noline-5N-oxide of Formula 

XDC using a conventional oxidizing agent capable of forming N-oxides. Preferably a 
25 solution of a con^Kiund of F^nxnula XVm in chloroform is oxidized using 3- 

chloroperoxybenzoic acid at ambient tenqperatuxe. 

In step (5) of Reaction Scheme II a l/f-imidazo[4,5-c]qumoline-5N-oxide of 

Formula XDC is aminated to provide a l/f'-imidazo[4,5'<;]quinolin-4-amine of Formula 

XX. Step (5) involves (i) reacting a con^Kmnd of Formula XDC with an acylatmg agent 
30 and then (ii) reacting die product witfi an aminating agent Part (i) of step (5) involves 

reacting an N-oxide of Fomiula XDC with an acylating agent Suitable acylating agents 

inchide alkyl- or aiylsulfbnyl chlorides (e.g., benezenesulfonyl chloride, metfaanesulfonyl 
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chloride, p-toluenesulf nyl chloride). Axylsulfimyl chlorides aie preferred. Para- 
tohienesulfimyl chloride is most prefened Fait (ti) of step (S) involves reacting the 
product of part (i) ivitfa an excess of an aminating agent Suitable aminathig agents 
uxslude ammonia (e.g., 'in the form of ammonium hydroxide) and ammonium salts (e.g., 

5 ammonium carbonate, annnonium bicarbonate, ammonium phosphate). Ammonium 

hydroxide is prefened The reaction is preferably carried out by dissolving the N-oxide of 
Formula XDC in an inert solvent such as dichloromethane or 1 ,2-dichloroethane wi& 
heating if necessary, adding the aminating agent to the solution, and Ihcn slowly adding 
the acylating agent Optionally the reaction can be carried out in a sealed pressure vessel 

10 at an elevated temperature (8S-10ffO. 

In stq) (6) of Reaction Scheme n file protecting g^iq;) is removed by hydrolyns 
under acidic conditions to provide a Uf-iiiudazo[4,5*<]quinolin<4-amiDe of Formula XXI. 
Preferably the conq>ound of Fomiula XX is treated wib hydrochloric acid/cifluuiol at 
ambient tcmpeiatine or widi gentle b^**TPC 

IS hi step (7) of Reaction Scheme II a l/r-inudazo[4,S-c]quinoIirb4-aniine of Formula 

XXI is converted to a sulfonamide of Formula XXn ^ch is a subgenus of Formula I 
using conventional synthetic metfiods. For example, a compound of Formula XXI can be 
reacted with a sulfonyl chloride of Formula Ri]S(02)CL The reaction can be carried out 
by adding a solution of the sulfonyl chloride ia a suitable solvent such as dichloromethane 

20 ' or l-methyl-2-pyrrolidinone to a solution of a compound of Formula XXI at ambient 

temperature. Alternatively, a compound of Formula XXI can be reacted widi a sulfonic ' 
anhydride of Formula R||S(02)0S(02)R||. The reaction can be run at ambient 
temperature in an inert solvent such as dichloromethane in tiie presence of a base such as 
pyridine or N Jf-diiscpropylethylamine. The product or a phannaceutically acceptable salt 

25 diereofcan be isolated using conventional me&ods. 
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Reaction Scheme n 




S Compoiiiids of tibe invenfion containing a sulfimaniide group can be piepaied 

accoiding to Reaction Schenie m ^idiece R, R2, R^^ 
and BOC is /erf-butoxycaxbonyL 

Jn step (1) of Reaction Scheme ID the amino ffoup of an aminoalcohol of Fonnula 
XXm is protected wifli a /ert-butoxycaibonyl group. A solution of die aminoalcohol in 
1 0 tetialqrdrofitiBn is treated wifli di-tert-batyl dicaxbonate in Ae presence of a base such as 
sodium hydroxide. Many aminoalcohols of Fonnub XXin aie comnierdaUy avulabte^ 
oftezs can be prepared using lau>wn synthetic mefliods. 
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In Step (2) of Reaction Scheme m a piotected amino alcohol of Fonnula XXIV is 
converted to a melfaanesulfonate of Fommla XXV. A solution of a compound of Fonnula 
XXIV in a suitable solvent such as dichloromcthane is treated with medumesdfonyl 
chloride in the presence of a base such as triediylamine. The xeaction can be carried out at 
5 a reduced temperature ((yxIO* 

In step (3a) of Reaction Scheme m a methanesulfonate of Formula XXV is 
converted to an azide of Fonnula XXVL Sodium azidc is added to a solution of a 
compound of Formula XXV in a suitable solvent such as N,N-dimediylfonnamide or 
tetcalqrdrofiuan. The reaction can be earned out at an elevated temperatuie (80 * lQ(fC). 

10 ' In step (3b) of Reaction Scheme III a compound of Fonnula XXVI is alkylated 

witii a halide of Formula Hal-Rj to provide a compound of Fonnula XXVIL In 
compounds where Ra is hydrogen this step is onutted. The compound of Fonnula XXVI 
is reacted with sodium l^rdride in a suitable solvent such as N,N-dimetfaylfi)miamide to 
form the.anion and then combined with the halide. . The reaction can be carried out at 

15! ambient temperature. 

In step (4) of Reaction Scheme m an azide of Fonnula XXVI or XXVII is reduced 
to provide an amine of Fonnula XXVIU. Preferably, tile reduction is carried out using a 
conventional heterogeneous hydrogcnation catalyst such as palladium on carbon. The 
reaction can conveniendy be carried out on a Pair apparatus in a suitable solvent such as 

20 methanol or tsopropanol. 

In step (5) of Reaction Scheme III a 4-chloro-3-nitn)quinoline of Fonnula XXK is 
reacted with an amine of Formula XXVm to pioviiie a 3-nitroquinoline of Formula XXX. 
The reaction can be carried out by adding an amine of Formula XXVm to a solution of a 
compound of Formula XXtX in a suitable solvent such as dichlorometiume in the presence 

25 ofa base such as triethylamine. Mai^quinolinesofFonnula XXK are known 

compounds or can be prepared using known synthetic metiiodSt see for exanqple, U.S. 
Patent 4,689^38 and references cited therein. 

In step (6) of Reaction Scheme III a 3-nitn)quinoline of Formula XXX is reduced 
to provide a B-aminoquinoline of Fonnula XXXL Preferably, the reduction is carried out 

30 ' using a conventional heterogeneous hydrogenation catalyst such as platinum on carbon. 

The reaction can conveniently be carried out 6n a Parr apparatus in a suitable solvent such 
as toluene. 
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In Step (7) of Reaction Schem in a compound of Fonnula XXXI is reacted with a 
caiboxylic acid or an equivalent thereof to provide a l/f-iDiidazo[4»5-c]quiQoline of 
. Formula XVnL Suitable equivalents to caiboxylic acid include orthoesters, and 1,1- 
dialkoxyalkyl alkanoates. The caiboxylic acid or equivalent is selected such that it will 
5 provide the desired Risubstituent in a compound of Formula XVm. For example, triediyl 
ordioformatB will provide a compound where Ri is hydrogen and tiietfayl orAovalerate 
will provide a compound where R2 is but^ The reaction can be nm m the absence of 
solvent or in an inert solvent such as tohiene. Hie reaction is run with sufGcient heating to 
drive offany alcohol or water formed as a byproduct of the reactioa Optionallya 
10 catalytic amount ofpyridine hydrochloride can be included. 

Alternatively^ step (7) can be carried out by © reacting a compound of Formula 
XXXI wife an acylhalideofFoimulaR2C(0)a and then fii)cyclizing. Inpart(i)thcacyl 
halide is added to a solution of a compound of Formula XXXI in an inert solvent such as 
acetonitrilc or dichloromediane. The reaction can be carried out at ambient temperature or 
IS at a reduced temperature. In part Qi) the product of part (i) is heated in an alcoholic 

solvent in die presence of a base. Preferably the product of part (i) is refluxed m ethanol 
in die presence of an excess of trietfaybunine or heated with medianolic ftnwwnwia^ 

Steps (8), (9), ( 1 0) and (1 1 ) are carried out in the same manner as steps (4), (5), {€) 
and (7) of Reaction Scheme XL 

20 . 

Reaction Scheme m 
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Compounds of the inventi n containing a siilfanude group can be prep^^ 

accoiding to liLeaction Scheme IV where R,Ra, R3,R4,R«, Ru, X and n are as defined 
above. 

S In step (1) of Reaction Scheme IV a I/r-imidazo[4,S-c]qdnolin* 4-amine of 

Fominla XXI is reacted wifli 8ulfux>4 chloride to generate in situ a sulfionoyl chloride of 
FonnulaXXXn. The xefu:tion can be earned out by adding a solution of sulfuiylcU 
in dicUoiomelliane to a solution of a conqx>und of Fomiula XXI in dichloicomeftane in 
Ae presence of 1 equivalent of 4-(dimethylamino)pyridine. The reaction is preferably 

10 earned out at a reduced tempeiabre (-7 VC). 

In step (2) of Reaction Scheme IV an amine of Fomiula HNR5R1 1 is reacted wifli 
the sulfionoyl chloride of Formula XXXII to provide a sulfemide of Formula XXXIII 
which is a subgenus of Formula L The reaction can be carried out by adding a solution 
containing 2 equivalents of tbe amine and 2 equivalents of trietiiylamine in 

15 dichloromethane to the reaction mixture from step (1). The addition is preferably carried 
out at a reduced temperature (-78*C}. Afler the addition is complete the reaction nuxture 
can be allowed to warm to ambient tenq)eiature. The product or a pharmaceutically 
accq)table salt thereof can be isolated using conventional methods. 

20 Reaction Scheme IV 
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Compounds of the invention can be prepared according to Reaction Scheme V 
where R, Ra, Rj. R4, Rh» X and n are as defined above. 

In step (1) of Reaction Scheme V a liif-inudazo[4,S-c]quinolin-4-aniine of 
Fonnula XXI is reduced to provide a 6,7,8,9-tetrahydro-lF-imida2o(4,5-c]quinolin-4- 
amine of Fonnula XXXTV. Preferably the reduction is carried out by suspending or 
dissolving a compound of Formula XXI in trifluoroacetic acid, adding a catalytic amount 
of platinum (IV) oxide, and tiienhydrogenating. The reaction can be conveniently carried 
out in a Parr apparatus. 

Step (2) is carried out in ^e same manner as step (7) of Reaction Scheme 11 to 
provide a 6,7,8,9-tetrahydn)-ltf-inudazo[4,5-clquinoliiir4-amiTO of Formula XXXV 
which is a subgenus of Fonnula n. The product or a pharmaceuticallyaccq)table salt • 
thereof can be isolated using conventional mebods. 
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Reaction Scheme V 




Compounds of the invention containing a sulfamide group can be prepared 
20 according to Reaction Schcsnie VI where R, R2* R3, R4* Rsi Rn, X and n are as defined 
above. 

In step (1) of Reaction Scheme VI a lH-imidazo[4,5-c]q[u!nolin-4-aniiDe of 
Formula XXXIV is reacted witii sulfiiryl cUaride to generate in situ a sulfiunoyl chloride 
of Fonnula XXXVL The reaction can be carried out by adding a solution of sulfiixyl 
25 chloride mdicMoroniediane to a solution of a compound of Formula XXXIV in 

dichlorometiiane in the presence of 1 equivalent of 4-(dimethylamino)pyridine. The 
reaction is preferably carried out at a reduced temperature (<»78°C). 

16 
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In step (2) of Reaction Scheme VI an amine f Fonmila HNB^Ru is reacted with 
the sulfiamoyl chloride of Fonnula XXXVI to provide a sul&nude of Fonnula XXXVII 
which is a subgenus of Fonnula IL The reaction can be carried out by adding a solution 
containing 2 equivalents of die amine and 2 equivalents of triethylamine in 
dichlorometfaane to the reaction mixture fiom step (1). The addition is preferably carried 
out at a reduced temperature (-78%)« After die addition is complete die reaction mixture 
can be allowed to warm to ambient temperature. The product or a pharmaceuticatty 
acceptable salt thereof can be isolated using conventipQal methods. 



Reaction Scheme, VI 




The invention also provides novel compounds useful as intennediates in die 
syndiesisofthe compounds ofFormulasQ and (D). These intermediate compounds have 
die structural Formula (US). . 




m 
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X is -CHR3-, -CHRs-aDq^l-, or -CHRs-aDcenyls 
R] is selected from die group consisting ofi 

-R4--NRa— SOj— lU— alkyl; 

-R4~NR3— SO2— alkeivt 

-Rr-NRr-SOr-R«-fliyl; 
• -Rr-NRs-SOi-Rfi^eteroaiyl; 
-R4-4^Rr-S02-B^eten)cyclyl; 
-R4— NR3— SO2— R?; 
-R4-NR3-SOr-NRrR<-aIkyl; 
-lU-MRs-SOrNIU-IU-alkenyl; 

->R4-NR3-SQ2-NKrR«-aiyl; 
-R4-NR3-802-NRrR«-l>etBioaiy^ 
-R4-NR9-^02-NRrI(6-bBtBrocyclyl;aiid ' 
-R4-NR3-SO2-NH2; 
Rs is selected fiom tfie group consisting ofi 
-hydrogen; 
-alkyl; 
-alkenyU 
-aiyU 

-heteroaiyl; 
-heterocyclyl; 
-aO^l-Y-alkyl; 
non^I-Y-alkonyl; 
-aOcyl-Y-azyl; and 

- aDcyl or alkehyl sxibstitntBd by one or more sobstituents selected 
fiom die group consisting o£ 

-OH; 

-halogen; 

-N(R5)2; 

-CO-N(R5)2; 

-CO-Cmo alkyl; 
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OO-O-CMoalkyl; 
-N3; 
-aiyl; 

-beteiioaiyl; 
-heteiocyclyl; 
-CO-aiyl; and 
-CO-heteioaiyl; 
Yi3-0-or-S(0)M-; 
S3 is H, Cmo aOcyU aiylalkyU 

each R4 is independcnfly alkyl or aDccnyl, vMch may be intenupted by one 
or morp -O- groups; or R3 and R4 can join to fonn a ring; 
each R5 is independently H, d.jo allgrl, or C2-10 alkenyl; 

is a bond, or is alkyl or alkenyl, which may be interrupted by one or 
more -O- groups; 

R7 is Ci.ioaIk}i; or R3 and Rycanjoin together to form a bond; 
nis0to4;and 

each R pzesent is independently selected fiom the group consisting of Ci.io 
alkyl» Cmo aOcoxy. hydros, halogen and trifluoTEnnettiyl; 
' oraphaimaceuticaIlyaccq>tablesaltdiereo£ 

20 . 

As used herein, die terms "alkyP, "alkenyr and the prefix "alk-- are inclusive of 
both straight chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and 
cycloalkenyl. Unless otherwise specified, these groups contain fiom 1 to 20 caibon atoms, 
. widi alkenyl groups contaimng from 2 to 20 carbon atoms. Prefened groups have a total 
25 of up to 1 0 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably 
have fiom 3 to 10 ring caibon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclqHopyfanethyi, cyclopentyl, cyclohexyl and adamantyl. 

In addition, the alkyl and alkenyl portions of -X- groupa can be unsubstituted or 
substituted by one or more substituents, which substituents are selected firom the groups 
30 consisting of aOgrl, aBkenyl, aiyl, heteroaiyl, heterocyclyl, aiylalkyU heteroarylalkyi, and 
heterocyclylalk}d. 
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The term "lialoalkyr is inclusive of groups that are substituted by ose or more 
halogen atoms, including perfluorioated groups. TUs is also true of groups diat include 
the prefix lialo-**. Examples of suitable haloalM groups are chloromethyl, 
tiifluoromefliyl, and Uie like. 
5 The term ^'aiyl" as used herein includes carbo(^clic aromatic rings or ring systems. 

Examples of axyl groups include phenyl, naphdiyl, btphenyl, fluorenyl and indenyl. The 
term '^eteroaryl** includes aromatic rings or ring systems that contain at least one ring 
. hetexo atom (e.g., O, S, N)- Suitable heteroaiyl groups include foxyl, tfaienyl, pyridyl, 
quinolinyi, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetcazolyl, imidazotyU 

1 0 pyrazolyl, oxazolyl, thiazolyl, benzofutanyl, benzo^ophenyl, caxbazolyU benzoxazolyl, 
pyrimidinyU quinoxaUnyU benzotmidazolyl, benzoftiazolyl, m^htfayridtnyl, isoxazolyl, 
isothiazolyl, quinazolinyl, purinyl, aixd 80 on. - 

*7ieterocyciyr* includes non-aromatic rings or ring systems that contain at least 
.one ring heten> atom (e.g., O, S, N) and mcludes all^of the fuQy saturated and partially '■ 

IS unsaturated derivatives of die above mentioned hetBn>ai>4 groups. Exemplary 

heterocyclic groups include pyrrolidinyl, tetiahydrofinanyl, morpholinyl, ddomorpbolinyl, 
pq^eridiziyl, pipeiazinyl. ttnazolidmyi, xmidazolidinyU and die like. 

The aryl, heteroaiyl, and heterocyclyl groups can be unsubstituted or siibstitutBd by 
one or more substituents independently selected torn die group consisting of aOcyl, 

20 alkoxy, alkylthio, baloalkyl, haloalkoxy, haloalkylthio, halogen, nitro, hydroxy, mercapto, 
cyano, carboxy, formyl, aiyU aryloxy, arylthio, aiylalkoxy, axylalkyldiio, heteroaiyl, 
heteroaiyloxy, heteroaiylthio, heteroaiylalkoxy, heteroarylalkylthio, amino, alkylamino, 
dialkylamino, heterocyclyl, heterocycloall^l, alkylcaibonyl, alkenylcaibonyl, 
alkoxycaibonyl, haloalkylcaibonyl, haloalkoxycaifoonyl, aDcylthiocaibonyl, aiylcaibonyl, 

25 heteroaiylcaibonyl,aiyloxycaibonyl,heten)aiylo3^caibonyl,^^ 

heteroaiyltfaiocaiboiiyl, alkanoylo^, alkanoyltfaio, aiylcaiboi^bs^, aiylcaibonylduo, 
atylcaibonyiamino, alkylaminosulfbnyl, alkylsuUbnyl, aiylsulfonyl, heteioaiylsulfbnyl, 
aiyldiaaai^I, alkylsulfonylamino, aiylsulfoiq4amino, azylalkylsulfonylanimo, 
alkylcaibonylamino, aOoenylcaibonylamino, aiylcaibonylamino, aiylalkylcaibonykunino, 

30 . heteroaiylcaibonylamino, heteroarylaDcycaibonylamino, alkylsulfonylamino, 
alkenylsulfonylamino, arylsulfonyiamino, aiylalkylsulfonylamino, 
heteroaiylsulfonylamino, heteroazylalkylsulfonylamino, alkylaminocaibonylamino, 
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alkeiyliininocarb nylamino. arylaminocarbonylamino, aiylalkylaminocaib nylamino, 
hetnomjiamm carbonylanuno, heteroaijialkylcaibonylanimo and. in Ae case of 
heterocyclyl, oxo. If any other groups are identified as being "substituted" or "optionally 

substituted", Aen Aose groups can also be substituted by one or more of the above 
eoumemted snbstituents. 

Certain substituents are generally preferred. For example, prefiaied R, groups 
include -R4-NK3-SOr-R«-Blkyl. -R4-NRj-S0r-R«~aiyl, and 
-Ri-NRj-SOi-IU-lieteroaiyl wherein die aDgrl. aryl and heteroai^d groups can be 
unsubstituted or substitute and lU is preferably ethylene or ittutylcM^ 
quinoline are preferred heteroaryl groups Preferably no R substituents are present O-c, n 
is 0). Preferred Rj groups include hydrogen, alkyl groups having 1 to 4 carbon atoms (ie, 
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, and cyclopropyhnethyO. 
medi6xyethyl, and etho^Qmiethyl. For substituted groups such as substituted aOcyl or 
substitotBd aryl groups, preferred substituents inchide halogeii, nitrile, medio;^, 
trifluonimetJqrl, and tiifluoromethoxy. One or more of fliese preferred substituente, if 
present, can be present m die conqwunds of file mvention in any combmation. 



The iiivention Is inck^ of tiie confounds described herrin in any of tiieir 
phaimaceutically accqitable forms, mchidmg isomers (e.fr, diastenomers and 
20 enantiomers). salts, solvates, polymorphs, and flw lll», In particuhff, if a compound is 

optically active, the invention specificjflly includes each of the compound's enantiomers as 
wen as racemic mixlmes of tin enantiomers. 

Pharmaceutical Composit ioroi nntl Rinlpgical Activity 

25 Pl»™«ceutical compositions oftfie invention contain a tiierapeutically effective 

amount of a compound of the mvention as described above in combination with a 
pharmaccntically acceptable carrier. 

The teim "a therapeutically effective amounr means an amount of the compound 
sufBcient to mdnce a Oerapeutic effect such as cytokme mduction, antitumor activity, 

30 and/or antiviral activity. Alflioughflie exact amount of activw compound used ma 

phannaceuticsl conqxMition of the invention win vary accordmg to fictoiB known to those 
of skin in tiie ar^ such as die physical and chemica] nature of the compound, tiie nature of 
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tfie caiiier, and die intended dosing regimen, it is anticipated diat tbe compositions of the 
invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mg/kg, preferably about 10 |ig/lcg to about S mg/kg, of the compound to the 
subject Any of the conventional dosage fotnis may be used, such as tablets, lozenges, 
S parenteral formulations, synips, creams, ointments, aerosol fommlations, tfansdeimal 
patches, tiansmucosal patches and the like. 

The compounds of the invention can be administered as the single therapeutic 
agent in die treatment regimen, or the compounds of the invention may be administered in 
combination with one another or widi odier active agents, including additional immune 
10 response modifiers, antivirals, antibiotics, etc. 

The compoimds of die invention have been shown to induce the production of 
certain cytokines in experiments performed according to the tests set forth below. These 
results indicate diat the compounds are useful as immune response modifiers that can 
modulate the nmnune response in a number of different ways, rendering diem useful in the 
15 treatment of a variety of disorders. 

Cytokines whose production may be induced by the administration of compounds 
according to the invention general^ include interferon-a (EFN-a) and/or tumor necrosis 
&ctor-a (INF-a) as well as certain interleddna (EL). Cytokines ^ose biosyndiesis may 
be induced by compounds of tiie invention include IFN-<x, TNF-o, IL-1, IL-6, E^-IO and 
20 IL-12, and a variety of odier cytokines. Among otiier effects, dwse and odier cytokines 
can inhibit virus production and tumor cell growth, making die compounds uscfW in the 
. treatment ofviral diseases and tumors. Accordingly, die invention provides a method of 
inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animal. 
25 Certain compounds of the invention have been found to preferentially mduce die 

expression of IFN-a in a population of hematopoietic cells such as FBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells ^precursor dendritic cell-type 2) without 
concomitant production of significant leveb of infl a mm atory cytokines. 

' In addition to die ability to induce die production of cytokines, die compound 

30 die invention afiEect odier aspects of die innate fanmune response. For example, natural 

kfller cell activity may be stimulated, an eflBwt diat may be due to cytokine induction. The 
compounds may also activate macrophages, which m turn stimulates secretion of nitric 
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oxide and the production of additional cytokines. Further^ the compounds may cause 
proliferation and differentiation of B-lymphocytes, 

Compounds of the invention also have an effect on the acquired inunune response. 
For example, although fliere is not believed to be any direct eflFect on T cells or direct 
5 induction of T cell cytokines, the production of Ae T helper type 1 (Thl ) cytokine IFN-7 
is induced indirectly and tiie production of the T helper type 2 (Th2) cytokines IL-4, IL-5 
and ILrl3 are inhibited upon administration of the compounds. This activity means tiiat 
the con^unds are useful in Ac treatment of diseases where upiegulation of tiie Thl 
response and/or dowmegulationoftiie Thl response is desired. In view of tiie ability of 
10 compounds of tiie invention to inhibit die Tb2 immune response, the compounds are 
. oqpected to be useful m die treatment of atopic diseases, e.g., atopic dermatitis, asthma, 
allergy, aOergic rhinitis; systemic lupus eiydiematosis; as a vaccme adjuvant for cell 
mediated immunity; and possibly as a treatment for recurrent fimgal diseases and 
chlamydia. 

15 The immune response modifying effects of the compounds make diem useful in 

the treatment of a wide variety of conditions. Because of their ability to induce the 
production of cytokines such as IFN-a and/or TNF-o, the compounds are particularly 
useful in the treatment of viral diseases and tumors. This immunomodulating activity 
suggests that compounds of die invention are useful in treating diseases such as, but not 

20 limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis 
B; Hepatitis C; Heipes Simplex Virus Type I and Type II; moOuscum contagiosum; 
variola, particularly variola major, HIV; CMV; VZV; rfainovicua; adenovirus; infhienza; 
and para-mfluenza; mtraepidielial neoplasias such as cervical intraepithelial neoplasia; 
human papiUomavirus(HPV) and assodated neoplasias; fungal diseases, e.jg. candid • 

25 aspergillus, and cryptococoil meningitis; neoplastic diseases, e.g., basal cell carcinoma, 
hairy cell leukemia, Kami's sarcoma, renal cell carcinoma, squamous cell carcinoma, 
myelogenous leukemia, multiple myeloma, melanoma, non-Hodg)dn*s lyniphoma, 
cutaneous T-cell lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis 
camii, cryptosporidiosis, histoplasmosis, toxoplasmosis, tcypanosome infection, and 

30 leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 

Additional diseases or conditions that can be treated using die compounds of the invention 
include actinic keratosis; eczema; eosinophilia; essential duombocytfaaemia; leprosy; 

23 



wo 02/46190 PCTAJS01/4d582 

multiple sclerosisrOmmen's syndrome; discoid lupus; Bowen's disease; Bowenoid 
papulosis; alopecia areata; flie inhibitioii of keloid fonnation after surgery and oflier types 
of post-smgical scars. In addition, these compounds could enhance or stimulate die 
healing of wounds, including chronic wounds. Hie confounds may be useful for treating 

S the q)portunistic infections and tumors tiiat occur after suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

An amount of a compound efifective to induce cytokine biosynthesis is an amount 
sufBcient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-cell$ to produce an amount of one or more cytokines such as, for example, IFN-o, 

10 TNF-o, IL-1 , IL-6, IL*10 and 11^12 tiuit is increased over &e background level of such 
cytokmea. The precise amount win vaty according to fuitora known in the art but is 
expected to be a dose of about 1 00 ng/kg to about SO mg/kg, preferably about 10 |ig/kg to 
aboutSm^k^. The invention also provides a method oftteating a viral infection in an 
animal and a method oftreating a neoplastic disease m an aiumal ccmiprising 

15 administering an effective amoimt of a compound or composition of tfie invention to die 
animal. An amount efifective to treat or inhibit a viral infection is an amount that will 
cause a reduction in one or more of die manifestations of viral infection, such as viral 
lesions, viral load, rate of virus production, and mortality as compared to untreated control 
animals. The precise amount will vary according to &ctors known in the art but is 

20 expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 |ig/kg to 
about5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 
amount fliat win cause a reduction in tumor size or in the number of tumor foci Again, 
the precise amount wiU vary according to &ctors known in die ait but is expected to be a 
dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 (ig/kg to about 5 mg/kg. 

25 * The invention is furdierdescxil>ed by tile foUowingexanq3les,whic^ 

for iUustration only and are not intended to be limiting in any way. 

In die examples below some of die compounds were purified using semi- 
preparative HPLC. A Waters Fraction Lynx automated purification system was used. The 
30 semi-prep HPLC fractions were analyzed using a Micromass LC-TOFMS and ttie 
appropriate factions were combined and centritiigp evaporated to provide the 
trifluoroacetate salt of die desired compound. 
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Column: Phcnomcncx Luna C18(2), 10 x 50 mm, 5 micron particle size, lOOA 
pore; flow rate: 25 mUmin.; gradient elution from 5-65% B in 4 min-, dien 65 to 95 % B 
in 0.1 min, then hold at 95% B for 0.4 min., where A«0.05 % trifluoioacetic acid/water 
and B=0.05% trifhioroacetic acid/acetonitrile; fraction collectioii by mass-selective 
triggering. 

Example 1 
//-(2-{2-[4-amino-2-(2<-me1faoxyea^)- 

ljy-Tmidfl7n[4,S-c]qumolm»l«yl]glhQicy}ftftyl)metha«^^ 




PartA 

A solution of 2-(2-aminoethoxy)etfaanol j^9.p g, 0.276 moQ in 1 80 mL of 
tetrahydrofuran (THF), mider N2, was cooled to 0**C and treated with 140 mL of 2N NaOH 
solution. A solution of di-/er/-butyl dicarbonate (602 g, 0.276 mol) in 1 SQ mL of THF 
was tilien added diopwise over 1 h to die xapidly stirred solutioiL The reaction mixture was 
then allowed to warm to room temperature and was stirred an additional 18 L The THF 
was then removed under reduced pressure and the remaining aqueous slurry was broug^it 
to pH 3 by addition of 150 mL of IM H2SO4 solution. This was then extracted with ethyl 
acetate (3 00 mL» 1 00 mL) and the combined organic layers were washed with H2O (2X) 
and biine. The organic portion was dried over Na2S04 and concentrated to give tertAmtyl 
2-(2-hydxoxyBdi0!xy)ethylcarbamate as a coloriess oil (47.1 g). 
PartB 

A rapidly stined sohition of rer<-butyl 2:-(2-faydnixyeao3^)ediylGaibamate (47.1 g, 
0230 mol) in 1 L of anhydrous CH2CI2 was cooled to O^'C under N2 and treated widi 
trietfaylamme (48.0 mL, 0 J4S mol). Medumesulfocyl chloride (19.6 mL, 0253 mol) was 
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then added dropwise over 30 mia The reaction mixtme was tben allowed lo wann to 
room tempexatuxe and was stmed an additional 22 h. The leaction was quendsed by 
addition of 500 mL satuxated NaHC03 solution and die organic layer was separated. The 
organic phase was then washed with H2O (3 X 500 mL) and brine. The organic poition 
5 " was dried over Na2S04 and concentrated to give 2- {2-[(terr- 

butoxycaibonyr)ainino]etiioxy}eihyl me&anesulfonate as a brown oil (63.5 g). 
Parte 

A stirred solution of 2-{2-[(^err-butoxycarbonyl)amino]ethoxy}etiiyl 
methanesulfonatB (63.5 g, 0.224 mol) in 400 mL of NJ^-<Jimetiiylfonnamide (DMF) was 

10 ' treated with NaNj (1 6. 1 g, 0.247 mol) and the reaction mixture was heated to 90''C under 
N2. After 5 h, the solution was cooled to room temperature and treated witii 500 mL of 
coldHzO. lie reaction mixture was then extracted with EtiO (3 X 300 mL). The 
combmed organic extracts were washed with H2O (4 X 1 00 mL) and brine (2 X 1 00 mL). 
The organic portion was dried over MgS04 and concentrated to give 52.0 g of tertrbutyl 2- 

15 (2-azidoetiioxy)etiiylcarbamatBasali8jhtbrownoiL 
PattD 

A solution of terr-bu^l 2-(2-azidoeflioxy)ethylcarbamate (47.0 g. 0.204 mol) m 
MeOH was treated with 4 g of 1 0% Pd on carbon and shaken under H2 (3 Kg/cm^) for 24 
h. The solution was then filtered tiirougji a Celite pad and concentrated to give 35.3 g of 
20 cmde tert-hntyl 2-(2-aminoelhoxy)etlQrlcaibamate as a colorless liquid that was used 
without further purification. 
PartB 

A stirred solution of 4-chloro-3-nitroquinoline (3L4 g, 0.151 mol) m 500 mL of 
anhydrous CH2a2. under N2, was treated with triethylamine (43 mL, 0.308 mol) and tert- 

25 butyl 2-(2-aminoedioxy)etiiylcaifoamatB (0.151 mol). After stirring overnight, &e reaction 
mixture was washed witiiH20 (2 X 300 mL) and brine (300 mL). The organic portion 
was dried over Na2S04 and concentrated to give a bright yellow solid. Recrystallization 
fiom ediyl acetate/hexanes gave 43.6 g of tert-hntyl 2-{2-[(3-nitroquinolinr4* 
yI)am]no]etfaoxy}ethylca]bamate as bright yellow crystals. 

30 PartF 

A solution of tert-hntyl 2- {2-[(3-mtroquinoIin-4-yl)amino]ethoxy } ethylcarbamate 
(7.52 g, 20,0 mmol) in toluene was treated wifli 1.5 g of 5% Pt on carbon and shaken 
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under (3 Kg/cm^) for 24 L Hie solution was then filtered through a C Ute pad and 
concentrated to give 6.92 g of cmde tert-butyl 2-{2«-I(3-aminoqumolm-4- 
yI)ammo]ethoxy}etiiylcaibaniate as a yellow syrup. 
PaitQ 

5 A solution of tert-butyl 2-{2-[(3-ammoquinolm-4- 

yI)amino]ethoxy}cthylcaibainate (102 g, 29.5 nmiol) in 250 mL of anhydrous CH2CI2 
was cooled to O'^C and treated with trie%lamine (4.18 mU 30.0 mmol). 
Methoxypiopionyl chloride (3 JO mL, 303 minol) was then added dropwise over 5 min. 
The reaction was dien waring to room tempeFBtore and stitiing was continued fw 1 h. 

1 0 The reaction mixture was flien concentrated under reduced pressure to give an orange 
solid. This was dissolved in 250 mL of EtOH and 12.5 mL of trietl^hmine was added 
The mixture was heated to reflux and stirred under Niovemijlit The reaction was then 
concentrated to dryness under reduced pressure and treated with 300 mL of EtiO. The 
mixture was ttien filtered and the filtrate was concentrated under reduced pressure to give 

1 5 a brown solid. The solid was dissolved m 200 mL of hot MeOH and treated with activated 

charcoal. The hot solutiori was filtered and concentrated to give 1 1 . 1 g of /ert-butyl 2-{2- 

[2-<2-methoxycthyl>l/^imida2o[4,5H:]quinolm-l-yl]ethoxy}ethylcarbarnatc as a yellow 
syrup. 

PartH 

20 A solution of tert-butyl 2-{2-[2-(2-meflio39ethy0.1fl'-inudazo[4,5-^]qumolin-l- 

yllethoxy}ethylcarbamate (10 J2 g, 24.7 mmol) m 250 mL of CHCI3 was treated with 3- 
chlofoperoxybenzoic acid (MCPBA, 77%, 9.12 g. 40.8 mmol). After stirring 30 mm, tiie 
reaction mixture was washed with 1% Na2C03 solution (2 X 75 mL) and brine. The 
organic layer was tiien dried over Na2S04 and concentrated to give 10.6 g oftert-hatyl 2- 

25 {2-[2-{2-methoxyethyl)-5H}xido-l^-iimdazo[4,5-c]quinolin-l-yl]ethoxy}etfa^^ 
as an orange foam that was used without further purification. 
Parti 

A solution of /ert-bu^l 2-{2-[2-(2-methoxyefliyl)-5H)xido-l^-imidazo[4,5- 
c]quinolin-l-yl]edioxy}ethylcaibamate (10.6 g, 24.6 mmoQ m 100 mL of 1,?- 
30 dichloroetiiane was heated to 6V<: and treated with 10 mL of concentrated NH4OH 

solution. To tiie rapidly stirred solution was added solid p-toluenesulfonyl chloride (7.05 
g, 37.0 mmol) over a 10 min period. The reaction mixture was treated witii an additional 1 
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mL concentcated NH4OH soluticm and Aen sealed in a pressiue vessel and heating was 
continued for 2 h. The reaction mixture was then cooled and treated with 100 mL of 
CHaj. The reaction mixture was then washed wife H20, 1% Na^COj solution (2X) and 
brine. The organic portion was dried over Na2S04 and concentrated to give 10.6 g of tert- 
5 butyl 2- {2-{4-amino-2-(2-methoxye%!)-lif-iniidaz»[4,5-c]qui^^ 
yl]edioxy} e&ylcaibamate as a brown foam. 

PMtJ 

Tcrt-butyl2-{2-{4-amino-2-<2-meflioxye1hyl)-l/^imidazoi;4^^^ 
yl]etfaoxy}ethylcaibamate (10.6 g, 24.6 mmol) was treated with 75 mL of 2M HQ in 

10 EtOH and the mixture was heated to refhix with stirring. After 1.5 Ii,tl»reactioB mixture 
was cooled and filtered to ^ve a gummy solid. The solid was washed EtOH and Et20 and 
dried under vacuum to g^ve the hydrochloride salt as a lig^ brown solid. The fipee base 
was made by dissolving the hydrochloride sah in 50 mL of H2O and treating with 1 0% 
NaOH solution. The aqueous suspension was tbea concentrated to dryness and the residue 

15 was treated with CHCI3. The resulting salts were removed liy filtration and the filtrate was 
concentrated to give 3.82 g of l-[2-(2-aminoetiio3Qr)cthyl]-2-(2-methoxyethyl)-l/r- 
hnidazo[4,5-c]quinolin-4~amine as a tan powder. 
MS330(M + H)*; 

'H NMR (300 MHz, DMSOnitf) 5 8.10 (d. J = 8.1 Hz, 1 H); 7.66 (d, y = 8.2 
20 7.40 (m, 1 H); 7.25 (m. 1 H); 6.88 (br s, 2 H); 4.78 (t, / = 5.4 Hz. 2 H); 3.89 (t. J = 4.8 Hz, 
2 H); 3.84 (t, J = 6.9 Hz. 2 H); 3.54 (t./ - 5.4 Hz, 2 H); 3.31 (s, 3 H); 323 (t./= 6.6 Hz. 
2 H); 2.88 (t, J - 53 Hz, 2 H). 
PartK 

l-[2-{2-Aminocftoxy)ethyl]-2-P-mcthaxyefliyl)-l*imidaz^ 
25 amine (750 mg. 228 mmol) was dissolved in 30 mL of anhydrous CH2CI2 and cooled to 
0"C under Nj. To the stirred solution were added EtaN (0.64 mL, 4.56 mmol) and 
methanesulfonyl chloride (176 f*L, 2.28 mmol) and flie reaction was allowed to warm to 
room temperature over 2 h. The reaction mixture was then quenched by addition of 
saturated NaHCCh solution (30 mL). The organic layer was separated and washed with 
30 H2O (3 X 25 mL) and brine, dried over Na2S04 and concentrated under reduced pressure 
to give a tan foam. The foam was dissolved in a miniTniim amount of MeOH and EfaO 
was added and a solid percipitated firom the solution. The off-white solid was isolated by 
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filtation and dried to yield 385 mg of Ar-(2-{2-[4-ainmo-2-(2-methoxy thyl>lH- 

imidazot4,5H;]quiiK)liii-i.yi]ethoxy}eaiyl)mefliaaesu!&^ m.p. 114.0-117,0 'C; 
MS408(M+H)*; 

'HNMR(300MHz. DMS0.rf,)8 8.05(d,/=7.6H2. 1 H); 7.61 (d,y= 8.5 Hz. 1 H); 

7.42 (t.J-8.5Hz.lH);7.24(t.y = 7.0Hz,lH): 6.99 (t.y=. 4.4 Hz,lH);6Jl(s,2 
H);4.76 (t. / = 5.0 Hz. 2 H); 3.88-3.81 (m. 4 H); 3.41 (t, / = 5.4 Hz. 2 H); 3 Jl (s. 3 H); 
3.23 (t, 6.9 Hz, 2 H); 3.04-2.99 (m, 2 H); 2.81 (s. 3 H); 

"C (75 MHz. DMSO-<<,) 151.9, 145.0. 1317. 126.7. 126.6. 121.5, 120.5, 115.1, 70.5, 
70.2.693.58.5,45.4,42.4.27.6. 

AnaL Calcd for C,rfia5N504S^.23 HjO: %C 52.52; %H, 6.23; %N. 17.01. Found: %C 
52.55; %H, 6.17; %N, 16.66 

Example 2 

i\K2-{2-[4-ammo-2<2-nu5flioxye%l)^J,8.9-tetrahydn)- 
l/r-mjidazo[4,5-c]qumolin-l-yl]eflio;qr}eayI)meaianesulfi^^ 




PartA 

l-[2-^-Aniino<rtho3gr)etlqrlh2K2-meflioxye%l>Lfrim 
ttnine (10.0 27J mmol) wa? dissolved in 50 mL of trifluoioacotic acid and tieated wilh 
P«0i(1.0g). ThB reaction mixture WHS shaken under ]^ (3 Kgfcm^). After 4 d, an 
additional 0 J g of PIQ, was added and Iqwirogenation was continued for m 
The leactiop was flien ffllered flmmgh CeKte and concentialBd under reduced pres^ 
give a brown ml. The ofl was dissolved in 200 mL of E^O flien made basic (pBr-l 1) by 
addition of 10% NaOH solution. Hiis was flien extracted witii CHaj (5 X 75 mL) and flw 
combined organic layers were dried over Na2S64 and concentrated to give 5.17 g of 1-p- 
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(2-amiiioethoxy)ethyl]-2-<2-mcthoxyc%I)-6,7,8,9-te 
4-amine as a tan solid. 
MS334.(M + H)*; 

!h NMR (300 MHz, CDQa) 5 5.19 (s, 2 H); 4.49 (t, J = 5.4 Hz. 2 H); 3.84 ftj = 6.6 Hz. 
5 2H); 3.71 (t,y = 5,4 Hz,2H),S36(t./-5.2Hz.2H); 3^8(8, 3 H); 3.15 ft/- 6.6Hz. 
2 H); 2.95 (m, 2 H); 2.82 (m. 2 H); 2.76 (t, J = 5.1 Hz. 2 H); 1.84 (m. 4 H). 1.47 ^ 
H). 
Parte 

142-(2-Ammoethoxy)ethyl]-2'<2-methoxye%l)-6J,8.9-tetrahy 
10 imidazo[4,5H:]quinoltii-4-a]iu]ie (1.00 g, 3.00 mmol) was dissolved m 30 mL of anhydrous 
CH2CI2 and cooled to O^C under N2. To the stined solution west added EtaN (0.84 mL, 
6.00 mmol) and medianesulfonyl chloride (232 ^ 3.00 mmo^ and die reaction was 
allowed to warm to room temperature ovemi^ The reaction mixture was dien quenched 
by addition of saturated NaHCOj solution (30 mL). The organic layer was separated and 
1 5 washed with %0 and brine, dried over Na2S04 and concentrated under risduced pressure 
to give a yellow solid. The solid was triturated with EtsO and a few drops of MeOH. The 
resulting white powder was isolated by filtration and further purified by column 
cbromatograpby (Si02, 3% MeOH/CHCla saturated with aqueous NH4OH) to give 389 mg 
ofN-(2-{2-[4-amino-2-(2-niethoxyc%l>^,7,8,9-tetrahydro-l^-nmda2o[^^ 
20 yl]ethoxy}ediyI)mcthanesulfonaniide as a white powder. m.p. 151.0-153.0 "C; 
MS412(M + H)''; 

*H NMR (300 MHz, DMSO-^/tf) 5 7.00 (t. J = 5.4 Hz, 1 H); 5.68 (s, 2 H); 4.44 (t, •/« 5.1 
Hz. 2 H); 3.77 (t,y = 6.8 Hz, 2 H); 3,68 (t,/ = 5.0 Hz. 2 H); 3.39 (t, J= 5.8 Hz, 2 H); 
3.28 (s, 3 H); 3.1 1-2.99 (m, 4 H); 2.92 (m. 2 H), 2.82 (s. 3 H); 2.65 (m. 2 H); 1.75 (m, 4 
25 H); 

"C (75 MHz. DMSOJd) 1513. 1493, 1463. 138.4, 124.9, 105.6, 70.6. 70.5. 70.1, 44.5, 
42.4. 32.7, 27.6. 23.8. 23.1. 23.0. 

AnaL Calcd for CisHi9NsOiS: %€, 52.54; %H. lAQ; %N, 17.02. Found: %C. i52,47; %H. 
7.22; %N. 16.83. 

30 
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Examples 
iV^2-{2-[4-ainino-2-(2.methoxycthyl)- 
ljy-imidazo[4,5-c]quinoIm- 1 -yljetlioxy} etiiyO-iV-methylmethanesulfoiiamidc 




PartA 

Sodium hydride (60% oil dispersion, 9.1 g, 228 mmol) was placed in a round 
bottom flask and washed with hexanes(3X) under N2. The dried sodium hydride was 
treated wib 8(X) inL of anhydrous THP. A solution o^ 

10 ' azidoefliaxy)ethyIcarbaniatB(41.9g, 182nmio0in200mLofT[n'wasd^ 

stincd sodium hydride solution over 40 min. After addition was complete, the reaction 
was stirred an additional 20 min followed by addition of metir^l iodide (13.6 mL, 218 
mmol). After stiiringovemiglititiie reaction was quenched witii 300 inL of saturat^^ 
NaHCOs solution. The reaction mixture was tiien treated witii 200 inL of H2O and 1 L of 

15 £t20. Hie organic phase was sepmted and washed with H2O and brine. Theoiganic 

portion was then dried over MgSO^ and concentrated under reduced pressure to give 41.9 

g of tert-butyl 2-(2-azidoethoxy)e%l(methyl)caibamate as a yellow liquid, 

PartB 

A solution of IM-butyl 2-(2-azidoetiioxy)cthyl(methyl)caibamate (41 .9 g, 170 
20 mmol) in 600 mL of MeOH was treated with 2.5 g of 1 0% Pd on cartxm and shaken under 
I(2(3KgA:m^)finr24h. TI10 solution was flien filtered throu£^ a Celite pad and 
concentrated to give 37.2 g of erode terr-butyl 2-(2-^aninoetiioxy)etfayl(metiiyl)caibaniafB 
as a ligM yellow liquid. 
Parte 

25 A stirred solution of 4-chlon>-3-nitn}quinoline (323 g, 155 mmol) in 400 mL of 

anhydrous CSIiC^ under N2, was treated with trietiiylamine (43.1 nd^ 310 mmol) and 

31 



wo 02/46190 PCT/USOl/46582 

tert-butyl 2-(2-aminoethoxy)ettryl(mcthyl)caibamate (37.2 g, 171 mmol). After stirring 
ovemi^t, the reaction mixture was washed with H2O (2 X 300 mL) and brine (300 mL). 
The organic portion was dried over Na2S04 and concentrated to give a brown oil. Column 
chromatography (SiOa, 33% ethyl acetate/hexaiies-67% e%l acetate/hexanes) gave 46 J g 
5 of /ert-butyl raethyl(2-{2-[(3-nitroquinolm-4-yl)anuno]ethoxy}ethyl)carbamate as a 
yellow solid. 
PaitD 

A solution of tertAmty] metiiyl(2-{2-[(3-nitroquinoIin-4- 
yI)amino]edioxy}ethyl)caxbamate (6.56 g, 16.8 nunol) in 75 mL of toluene was treated 
10 with0.5gof5%Ptoncaibonandshak»iunderH2(3Kg/cm^)for24h. Ihesolutionwas 
then filteied tfaiou^ a Celite pad and concentrated to give 6.8 g of crude tert-hatyl 2- {2- 
[(3-ammoq^olin4-yl)animo]ethoxy}efhyl(med]yI)caiban^ as an orange symp which 
was carded on witiiout furtiier puiificadon. 
PartE 

15 Asolutionof/er/~butyl2-{2-[(3-aminoquinolin-4- 

yl)amino]ctiioxy}ethyl(methyl)caibamate (6,05 g, 16.8 mmol) m 200 mL of anhydrous 
CUidi was cooled to 0**C and treated witii trietiiylamine p.40 mL, 17.2 mmol). 
Methoxypropionyl chloride (1 .72 mL, 1 7.2 mmol) was then added dropwise over 5 min. 
The reaction was then wanned to room temperature and stirring was continued fior 3 h. 

20 The reaction mixture was then concentrated under reduced pressure to give an orange 
solid. This was dissolved in 200 mLofEtOH and 7.2 mLoftrietfaylainiiiB was added. 
The mixture was heated to reflux and stined under N2 overnight The reaction was then 
concentrated to dxyness under reduced pressure and treated with 300 mL of EtiO. The 
mixture was then filtered and die filtrate was concentrated under reduced pressure to give 

25 a brown solid. This was dissolved in 300 mL of CHiClj and washed with H2O and brine. 
The organic portion was dried over Na2S04 and concentrated under reduced pressure to 
give a brown oil. The oil was dissolved m 100 mL of hot MeOH and treated witii 
activated charcoal. The hot solution was filtered and concentrated to give 12Q g of tert- 
butyl 2-{2-[2-(2-methoxyctiiyI)-lH-imidazo[4,5-c]quinolin-l- 

30 yl]ethoxy } ethyl(mediyl)carbamate as a yellow syrup. 
PartF 
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A solution of tot-butyl 2.{2-[2-(2.mcthoxycth^).lH-iimdazo[4,5K:]q^ 
yl]etfaoxy}ethyl(methyl)caibainate(7.20 & 16.8 mmol) in 200 mL of CHiQa was treated 
with MCPBA (77%, 4.32 g, 19.3 mmol). After stimng 6 h. the reaction mixture was 
treated with saturated NaHCOs solution and the layers were separated. The organic 
5 portion was washed with HiO and brine then dried over NaiSO^ and concentrated to give 
7.05 g oftert-butyl 2-{2-[2-(2-medioxyethyl>5-oxido-l/f-nmda2o[4,5-c]quinol^ 
yl]cthoxy}ediyI(methyl)caibaniate as a ligjit brown solid, 
PartG 

A solution of tert-butyl 2-{2-[2-(2-meflioxye%l)-5-oxido-l/r-imida2o[4,5- 
10 c]quinolin.l-yl]ethoxy}etl^/l(methyl)cai!>ainatc (7.05 g, 15.9 mmol) in 100 mL of 1 > 
dichloroeOiane was heated to SO^'C and treated wifli 5 mL of concentrated NH4OH 
solution. To fiie rapidly stirred sohition was added solid p-toluenesulfoqrl chloride (3 J3 
g, 17 J mmol) over a lOminperiod. Theieadicmmixturewastreatedwitli an additional 5 
mL concentratsed NH4OH solution and dien sealed in a pressure vessel and heating was 
15 continued for 4 h. The reaction mixture was then 

CH2CI2. The reaction inixture was then wadied with H2O, IKNa^COa solution (3X)ai^ 
brine. The organic portion was dried over Na2S04 and concentrated to gjvc 6.50 g of tert- 
butyl 2-{2-[4-ammo-2-(2-methoxyetiiyl)-l/r-imida2o[4,5-c]quinolin-l- 
yl]ethoxy}ethyl(metfayI)ca]:bamate as a brown oil 
20 PartH 

Tcrt-butyl 2-{2-[4-amino-2-(2-mcthoxyethyl)-l/f-imidazo[4,5^]quinolin-l- 
yl]ethoxy}etfayl(methyl)caibamate (6.50 g, 14.7 mmol) was dissolved in 100 mL of EtOH 
and treated with 20 inL of 2M HQ in EtOH and die mixture was heated to reflux wi^ 
stirring. After 6 h, die reaction mixture was cooled and filtered to give a gummy solid. 

25 The solid was washed with EtOH and ElizO and dried under vacuum to give die 

hydrochloride salt as a light brown powder. The fi»e base was made by dissolving die 
hydrochloride satt in 50 mLofH20 and treating widi 5 mL of cQncentiatedNH40H. The 
aqueous suspension was extracted widi CHCI3 (5 X 50 mL). The combined oiganic liters 
were dried over Na2S04 and concentrated to give 3,93 g of 2-(2-methoxyefliyI)-l-{2-[2- 

30 (methylamino)ethoxy]etfayl}-l£f-imidazo[4^-^]quinolin-4-amine as a tan powder. 
MS344(M+H)^ 
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'H NMR (300 MHz, DMSO-dl*) 5 8.07 (d, 7.7 Hz, I H); 7.62 (dd, J= 1.0, 8.3 Hz, 1 
H); 7.42 (ddd, /= 1.0, 7.1, 82 Hz, 1 H); 7.22 (ddd, /= 1.1, 7.1, 8.2 Hz. 1 H); 6.49 (a, 2 
H); 4.75 (t, / = 5.1 Hz, 2 H); 3.83 (t, J = 6.8 Hz, 4 H); 3.35 (t, J = 5.6 Hz, 2 H); 3.30. (s, 3 
H); 321 (t, y = 6.9 Hz, 2 H); 2.45 (t, / - 5.6 Hz, 2 H); 2.12 (a, 3 S). 
5 Paitl 

2-(2-Methoxyethyl>l-{2-[2-(metbylainmo)edioxy]cthyl}-lH-iinidazo[4,5- 
c]quiiioIin-4-amiiw (1.00 g, 2.92 mmol) was dissolved in 30 mL of anhydrous CH2Q2 and 
cooled to 0°C under Nz. To the stined solution were added EtjN (0.81 mL. 5.81 nunol) 
and methaufisulfonyl chloride (226 pL, 2.92 nunol) and Ono leacdon was allowed to wann 

10 to toom tempeiature ovemig^t Hie reaction mixture was Aen quenched by addition of 
satuiBtedNaHCQ] solution (30 mL) and CH2CI2 (30 mL). Ihe organic layer was 
separated and washed widi HaO and brine, dried over Na2S04 and concentrated under 
reduced pressure. Crystallization of ttia residue finm EtOAc and GHjCh gave 756 mg of 
//^-{2-[4-anun0-2-(2;mediaxyediyO-Uf-imidazo[4,5-ciq;mnoliD-l-^^ 

15 me1faylm^iflin(su]foniunideaatanciy8tal8.m.p. 145.0-146 J 
MS422(M-fH)^ 

'H NMR (300 MHz. DMSO-dg) 8 8.06 (d, 7 = 7.8 Hz. 1 H); 7.61 (dd, J = 0.9, 8.3 Hz. 1 
H); 7.42 (t. /= 72 Hz. 1 H); 723 (ddd, J =1 .0. 7.0, 8.0 Hz, 1 H); 6.50 (s, 2 H); 4.77 (t, J 
= 5.0 Hz, 2 H); 3.87 (t,/ = 5.0 Hz, 2 H), 3.83 (t. / = 6.8 Hz, 2 H); 3.48 (t, J = 5.5 Hz, 2 
20 H); 3.30 (s, 3 H); 322 (t,/= 6.8 Hz, 2 H); 3.13 (1,7 = 5 J Hz, 2 H); 2.77 (s. 3 H); 2.63 (s, 
3H); 

"C NMR (75 MHz, DMSO-*) 5 153.9. 153.8, 147.0, 134.6, 128.6, 128.5, 123.4, 122.5, 
1 17.0, 72.4, 712. 60.4, 51.1, 473. 373, 372, 29.6. 

AnaL Calcd for Cj9H«NsP4S: %C 54.14; %H. 6.46; %N, 16.61. Found: %C, 53.92; %H, 
25 632; %N, 16.47. 
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Ezaiiq>le4 

liy-iimda2o[4^]qunK)liii.l-yl]efto3v}e%l>Ar-ii»tlv 




PartA 



2<2-Methoxye%l)-l-{2^2Kaiefliyiamiiio)etliQxy 
clquinolm^ine (4.22 g, 12.3 mmol) was dissolved in 25 mL of tiifluoroacetic acid and 
treated with PtOi (0.5 g). Tbs reaction mixture was shaken under H, (3 Kg/cm»). Afer 4 
d, an additional 0.5 g of PtCb was added and hydrogenation was continued for an 
additional 3 d. The reaction mixture was then filtered through CeHte and concentrated 
under reduced pressure to give a yellow oil. Hie yeUow oil was dissolved in 50 mL of 
H,0 and extracted with 50 mLof CHQ,. TTie oiganic portion was removed and 
discarded. The aqueous portion was flien made basic (pH~12) by addition of 10% NaOH 
sohdian. TWs was then extracted with CHO, (6 X 50 mL) and the combined organic 
layeis were dried over NaaS04 and concentrated to a brown ofl. TTie brown oil was 
dissolved in 100 mLofhotMeOHaadtreatedwith 1 g of activated charcoal The hot 
solution was filtered through Celite and concentrated Id dryness. The resulting gummy 
soUd was concentrated several tnnes widi EtjO to give 3.19 g of 2-(2-meflioxyeaiyl)-l-{2- 

(2<methyhmino)ethaxy]eaiyl}-6,7.8^.^etiahydro-lJ?-inudazo[4^^^ 
an off-white powder. 

MS348(M+H)*; 

•h NMR(300 MHz, CDQ,) 8 4.84 (s. 2 H); 4.48 (t. / = 5.7 Hz, 2 H); 3.84 (t.y » 6.7 Hz, 
2H); 3.70 (U- 5.7 Hz, 2 H); 3.46 (t,/= 5.1 Hz, 2 H); 3.36 (s, 3 H); 3.14 (t.y = 6.7 Hz, 
2 H); 2i)6 (m. 2 H); 2.83 (m. 2 H); 2.65 (t. 7 = 5. 1 Hz, 2 H); 2.36 (s, 3 H); 1.85 (m. 4 H). 
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PaitB 

(2-(2-Me&oxye%l)-l-{2-[2-(me%lamino)ethoxy]e%l}-6J,8,9-^ 
imidazo[4,5-c]qumolin-4-amme (750 mg, 2.16 mmol) was dissolved in 30 mL of 
anhydrous CH2CI2 and cooled to 0°C under N2. To the stirred solution were added EtaN 

S (0.60 mL, 432 mmol) and methanesulfonyl chloride (167 ^L, 2.16 mmol) and the reaction 
was allowed to warm to room temperature over 3 h. The reaction mixture was tiien 
quenched by addition of saturated NaHCOs solution (30 mL) and CH2CI2 (30 mL). Tlie 
organic layer was separated and washed with H2O andbiine, dried over Na2S04 and 
concentrated under reduced pressuxe. Purification by column chnmiatDgrapby (SiQzt 3-5% 

10 McOWCHCh saturated with aqueous NH4OH) gave the product as a colorless glass. The 
material was then concentrated witii uo-propyl alcohol to give a syrup which solidified 
upon standing in flie fieezer. The solid was dried under vacuum to give 437 mg of N-CZ- 
{2-[4-amino-2-(2-methoxyethyI)-6,7,8^-tetrahydio-l/r-imidazo[4^-c]qain^^ 
yI]etfaoxy}e%l)-NHneti&ylme&anesulfonamide as off-white ctystals. 

15 mip.l 15,3-1 17.8 X; 
MS426(M + H)*; 

*H NMR (300 MHz, DMSO-d^) 5 5.65 (s, 2 H); 4.44 (t, / - 5 Hz, 2 H); 3.76 (t, J = 6.9 
Hz, 2 H), 3.70 (t, 5.3 Hz, 2 H); 3.47 (t, J = 5,5 Hz, 2 H); 3.27 (s. 3 H); 3.15 (t, / = 5.5 
Hz, 2 H); 3.08 (t, J= 6.9 Hz, 2 H); 2.93 (m. 2 H) ; 2.78 (s, 3 H); 2.65 (s. 3 H); 2.64 (m, 2 
20 H);1.74(m.4H); 

"C NMR (75 MHz, DMSO-d^tf) 5 151.2, 149.3. 146.3. 138,5, 124,9, 105.6, 70,6, 70.5, 
692, 58.4, 49i, 44 J, 35.4, 35.2, 32,7, 27.6, 23,8, 23,1, 23.0. 
Anal. Calcd for Ci9H27N3O4S«0.40 CjHgO: %C, 5357; %H, 7.67; %N, 15.58, Found: 
%C, 53,71; %H, 7.48; %N, 15.77. 
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Examples 

2-Bttlyl-l-{2-[2-<14-dio»doisoaiiazoUdiii-2-yl)etho;qr] %!}. 
lir-iinidazo[44<i]qumo]m-4-anuiie. 




Under a nitrogen atmosphere, cUoropropylsulfonyl chloride (0.05 ml, 0.46 mmol) 
was added dropwiso to a solution of 1^2-(2wiminoethoxy)ctI^l].2-butyl-lH-imidazo[4.5- 
c]quinolin-4-aminc (0.12 g, 0.37 mmol) and triefliylamine (0.065 ml, 0.46 mmol) in 
dichlonjmethane (5 ml). TTie leactioa was stirred for 20 hours followed by removal of flie 
solvent « vacuo. The resulting o£F-white solid was dissolved mNJ4-dhne%lfbrmamide 
(5mL) and l,8-diazabicyclo(5.4.0]undec-7-«ne (0.087ml, 0.58 mmol) was added The 
reaction was stined for 1 8 hours under aa atmosphere of mttogen and thm quenched wifli 
water and extracted with dicUoromethane (2X). The organic fiactions were combmed. 
washed widi water foUowed by brine, dried (NajSO*). filtered, and concentrated in vacuo 
to provide an ofF-white soUd. Reciystallization from ethyl acetate yielded 0.068 g of 2- 

butyl-l-{2-[2-(l,l-dioxidoisodiiazoUdin-2.yl)eflioxy]ediyl}-lfl:imidazo[4^-c]quinoM^ 
amine as ofif-white crystals, m.p. 152-154°C. 

'H-NMR {300MH2. DMSO-d«): 8 8.06 (d. J = 8.1Hz, IH). 7.62 (d, J = 7.9Hz, IH). 7.42 
(t, J = 7.6Hz, IH), 7.23 (t, J = 7.5Hz, IH). 6.52 (s, 2H), 4.73 (t, J = 4,99Hz, 2H), 3,86 (t, J 
= 5.0H2, 2H). 3.46 (t, J = 5.3Hz, 2H), 3.07 (t, J = 7.66Hz, 2H), 2.97-2.87 (m, 6H). 2.04 
(quintet, J- 6.8Hz, 2H), 1.81 (quintet, J = 7,6Hz, 2H), 1.46 (sextet, J -7.4Hz, 2H).0J)6 
(t.J = 7JHz,3H); 

"CNMR (75MHz, DMSOsl*): 5 154.6, 152i), 145.1, 133.0, 126.8. 126.6, 121,6, 120.8, 
115.3. 69.2. 69.1. 47.0, 45.5. 45.0. 43.7, 29J, 26.2, 21.9. 18.1. 13.7; 
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Anal calcd for CjiHzgNsOaS^O^SHzO: %C, 57.84; %H, 6.82; %N, 16.06; %S, 735. 
Found: %C, 57.90; %H, 6.79; %N, 15.92; %S, 7.55. 

5 Examples 6-26 

PartA 

A solution of tertAsatyl 2-{2-[(3-ammoqumoliD^ 

10 ^)anmio]e1boxy}etlryIc8ibaiQatB (3.46 g, 10.0 mmoO in 50 mL of toluene was treated 
with tiiefiiyloitbovaleiatB (2.S mLt 14.SnimoO and flie reaction nuxture was heated to 
reflux. A 25 mg portion of pyiidimum hydrochloride was then added and refluxing was 
continued for 4 h. The reaction was then concentrated to diyness under reduced pressure. 
The residue was dissolved in 50 mL of CH2G2 and washed wi^ saturated NaHCOj, H2O 

15 and brine. Tlie orgatnc portion was dried over Na2S04 and concetrated to give a green oil. 
The green oil was dissolved in 50 mL of hot MeOH and treated with activated charcoal. 
The hot solution was filtered and concentrated to give 4.12 g of /ert;butyl 2-[2-<2-butyl- 
l/r-imidazo[4,5-c]quinolin-l-yl)edioxylethYlcaibamate as a yellow oiL 
Parte 

20 A solution of tert-hntyl 2*[2-(2-butyl-lH-imida2o[4,5-c]qu]nolin-l - 

yI)e&oxy]edLylcaibaniatB (4.12 g» 10.0 mmol) in 50 mL of CH2CI1 was treated with 3- 
cUoroperoxybenzoic acid (MCFBA, 77%, 2.5 g, 1 1 .2 mmol). After stirring for 5 h, the 
reaction mixture was treated with saturated NaHCOa solution and the layers were 
separated. The organic portion was washed with H2O and brine dien dried over Na2S04 

25 and concentrated to give 3.68 g of /eit-butyl 2-[2-{2-butyl-5-oxido-l/f-imidazo[4,5- 
c]quinolin-l-yl)cAoxy]ediylcarbamate as a light brown foam. 
Parte 

A solution of tert-butyl 2-[2-{2-butyl-5-oxido-l/f-imidazD[4,5-c]quinolin-l- 
yl)ethoxy]ed]ylcaibamatB (3.68 g, 8.60 mmol) in 100 mL of 1^-dichIoroetfaane was 
30 heated to 80 and treated widi 10 mL of concentrated NH4OH solution. To the rapidly 
stined solution was added solid p-toluenesulfonyl chloride (1.87 g, 9.81 mmol) over a 10 
minperiod. The reaction nuxture was then sealed in a pressure vessel and heating was 
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continued for 2 h. The reaction mixture was then cooled and treated with 100 mL of 
CH2CI2. The reaction mixture was then washed with HaO. 1% NajCQs sohition (3X) and 
brine. The organic portion was dried over Na2S04 and concentiated to give 3.68 g of 
butyl 2-t2-<4-amino-2-bu«yMH-imidazot4^-c]quinolm4-yl)e^ as a 

light brown foam. 
PaitD 

Tcrt-butyl 2-[2-(4-amino-2-butyl-l/f-imidazo[4^K:]quinolin-l- 
yI)ethoxy]etfaylcatbamate (3.68 g, 8.60 mmoO was suspended in 20 mL of 2MHa in 
EtOH and the mixture was heated to reflux with stirring. Aiter 3 h, the reaction mixture 
was concentrated to give a soKd. Tie solid was triturated with hot EtOH (50 mL) and 
filtered to give 250 g of the product as the hydrochloride salt TTie fiee base was made by 
dissolving the hydrochloride salt in 50 mL of H^O and treating with 5 mL of concentrated 
NHiOH. "ITie aqueous suspension was extracted wiflrCI^^X 50 mL). Ibe 
combined organic layers were dried over NaiS04 and concentrated to give l-t2-(2- 

aminoethoxy)ethyl]-24)utyi.Uf^dazo[44^]quinoIin^^^ 
MS328(M+I0*; 

'HNMR (300 MHz. CDQ,) fi 7.95 (d./- 8J Hz. 1 H): 7.83 (d,/- 8.4 Hz, 1 H); 7.50 
(m, 1 H); 730 (m. 1 H); 5.41 (s. 2 H); 4.69 (t, 7 = 5.6 Hz. 2 H); 3.93 (t. 7 = 5.6 Hz. 2 H^; ' 
3J9 (t,/- 5.1 Hz. 2 H); 2.97 (t.y= 7.9 Hz, 2 H); 2.76 (t.y « 5.1 Hz. 2H): 1.89 (m. 2H); 
1.52 (m. 2 H): 1.26 (hr s. 2 H); 1.01 (t,y = 7J Hz. 3 H). 
PaitE 

The compounds in the table below were prepared according to the syntiietic 
method of step (7) of Reaction Scheme H above using the foUowing general method. 

The sulfonyl chloride or flie sulfimoyl chloride (1.1 eq.) was added to a test tube 
containing a solution of H2^wnninoelhoxy)e%l].2-butyl-lH.imidazo(4.5-c]qu^ 
amine(25mg)indichlotoinethane(5 mL). The tost tube was capped and then placed on a 
shaker at ambient temperatoire for 18 - 20 hr. The solvent was removed by vacuum 
centri&gation. The residue was purified by semi-iirqiarative HPLC using the meOod 

described above. The products were verified by accurate mass and "H NNDL The table 
below shows Oie stractiin of Oe fiee base and tiie observed accurate mass (M ••■ ^ 
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Example 
Number 


Structure of Pre Base 


Accurate Mass 
(obs.) 








12 


■ 


482.2214 














13 




486.1967 

• 








14 




493.2009 
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Exampl 
Number 


Structure of Free Base 


Accurate Mass 














15 




493.2025 








. 16 




498^195 








17 




504.1861 
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Example 
Number 


Structure of Pre Base 


Accurate Mass 
(obs.) 








18 




518^10 








19 




518.2243 








20 




519^158 
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ExampI 
Numb«- 


Structure of Free Base 


Accurate Mass 
(obs.) 








21 




536,1917 


.22 




544.2384 






• 


23 
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Example 
Number 


Structure of Fre Base 


Accurate Mass 
(obs.) 








24 


^^^^^ 


652.1874 


25 




615^848 




^^^^^^^ 










26 




542.2779 
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Examples 27 -39 

PartA 

Using the general method of Part A of Examples 6 - 26, 4.piperidineethanoI (10 g, 
77,4 mmol) was reacted with di-rerf^utyl dicaibonate (17.7 g, 81.3 mmol) to provide 13.1 
g of terf-butyl 4-(2-hydroxye%l)pq>eridine-l-caiboxylate as a clear oil. 
PartB 

Iodine (7.97 g) was added in three portions to a solution of imidazole (3,89 g, 57.1 
nmiol) and tripheiorlphospbine (14.98 g, 57.1 mmol) in dichloiometfaane (350 mL), After 
5 minutes a solution of the material from Part A m dicUoromefliane (70 mL) was added 
Tlie reaction mixture was stirred at ambient temperature overnight More iodine (7.97 g) 
was added and fte reaction was stirred at ambient ten^ture for Ihr. Thereaction 
mixture was washed with saturated sodium thiosulfate (2X) and brine, dried over sodium 
sulfate, filtered and then concentrated under reduced pressure to provide an oily residue. 
The residue was purified by column chromatography (silica gel eluting wift 20% ethyl 
acetate in hexanes) to provide 15.52 g of terf-butyl 4K2-iodoethyl)pipcridinc.l. 
carboxylate as a pale yellow oil. 
Parte 

Under a nitrogen atmosphere, 2-(l^r.imidazo[4,5^]quinoIin-l-yl)butan-l^l (6.5 g. 
26.9 mmoO was added in three portions to a su^ension of sodium hydride (1,4 g of 60%, 
35.0 mmol) in anhydrous NJi-dimcfliylfoimamide. Tlie reaction mixture was allowed to 
stir for 45 minutes by which time gas evolution had ceased. Tfirt-butyl 4-(2- 
iodoethyl)piperidine-l-caiboxylate (10.05 g, 29.6 mmol) was added dropwise over a 
period of 15 minutes, the reaction mixture was allowed to stir at ambient temperature for 
2.5 hrs; then it was heated to lOO^X: and stirred overnight Analysis by HPLC showed that 
the reaction was about 35% complete. Saturated ammonium chloride solution was added, 
the resulting mixture was allowed to stir for 20 minutes and then it was extracted with 
ethyl acetate (2X). The ethyl acetate extracts were washed wifli water (2X) and dien witfi 
hrine, combined, dried over sodium sulfate, filtered and then concentrated under reduced 
pressure to provide a brown oil The .oil was purified by column chromatography (silica 
gel eluting sequentially with 30% eAjd acetate in hexanes, 50% ethyl acetate in hexanes, 
and ethyl acetate) to provide 2.2 g oftert-hutyl 4-{2-[2-( W.imidazo[4,5-<]quinolin-l. 
yl)butoxy]ethyI}piperidine-l-carboxylatB. 
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PaitD 

Using thegenend method of Examples 6-26 Part H, tfie material fiom Part C was 
oxidized to provide tert-hutyl 4-{2-[2-(5-oxido-l/^imidazo[4,S-c]qutnolin-l- 
yl)butoxy]ethyl}piperidiiie-l-carbo3^1ate as an oil. 
5 PaitE 

Ammonium hydroxide solution (20 mL) was added to a solution of the material 
from Part D in dichloromethane (20 mL). A solution of tosyl chloride (0.99 g, 52 mmol) 
in dichloromethane (10 mL) was added over a period of 5 minutes. The resulting biphasic 
reactionmixturc was allowed to stir overnight The reaction mixture was diluted with 

10 chloroform and saturated sodium bicarbonate solution. The layers were separated. The 
oigamc layer was dried over sodium sulfide, fihered and Ifaen concentrated under reduced 
pressure to provide a brown glass. This material was purified by column chromatography 
(silica gel eluting first witfi 50% ediyl acetate in hcxanes and flien with ethyl acetate) to 
provide LO g of <eft-buQrl 4*{2-[2-(4iamtno-lfr»imidazo[4,5-c]quinolin-l- 

15 yl)butoxy]etfayl}piperidine-l-caiboxylate as pale yellow gUcissy foa^. 
PartF 

Under a nitrogen atmosphere, tert-hntyl 4-{2-[2-(4-amino-liy-imida2o[4,5- 
c]quinolin-l-yl)butoxy]ethyl}ptpcridino-l-caiboxylate (1,00 g, 2.1 mmol) and 2N 
ethanolic hydrochloric acid (10 ml, 20 mmol) were combined and the solution was stined 

20 at ambient temperature for 14 hours. The solvent was removed in vacuo and the resulting 
tan solid was dissolved in water. Saturated aqueous sodium carbonate was added until the 
pH reached 10. After extraction with dichloromediane (3X), the organic fiactions were 
combined, washed wiA brine, dried (Na2S04), fiheied, and the majority of the solvent was 
removed i>i vacuo. Hexane was added to fonn a precipitate. Vacuum filtration yielded 0.5 

25 g of l-{l-[(2-pipcridin-4-yletho3or)methyl]propyl}-liy-iniida20 as 
a tan powder. 

>H-NMR (300MHz, DMSO-dtf) : 5 8.34 (bs. IH), 8.19 (d, J = 8.49. IH), 7.61 (dd, J « 8.31, 
1.13, IH), 7.45-7.39 (m, IH), 725-7.19 (m. IH). 6.55 (s, 2H). 5.25-5.15 (m. IH), 4,00- 
3.80 (m, 2H), 3.5-3.3 (m, 2H), 2.8-2.64 (m, 2H), 2.22-2.11 (m.2H), 2.09-1.99 (m. 2H), 
30 1.8-1 .63 (bs, IH), 1.37-1.0 (m, 5H), 0.95-0.7 (m, 5H); 

"C-NMR (75MHz. DMSO-d^): 5 152.8, 145.8, 140.6, 133.0, 127.8, 127.0, 126.9, 121.3, 
121.0. 115.5, 71.8, 68.1, 58.4, 46.1, 363, 33.1, 32.7, 24.5, 9.9; 
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MS (CI) m/e 368,2459 (368.2450 calcd for C21H30N5O). 
PartG 

The compounds in the table below were prepared according to the synthetic 
method of step (7) of Reaction Scheme II above using the following general methoi 

The sulfonyl chloride or die sulfamoyl chloride (1.1 eq.) was added to a test tube 
containing a solution of I-{l-[(2^iperidin-4-yIethoxy)me%l]pn>pyl}-l/r-inu 
c]quinolin-4-amine (25 in dichloromelfaane (S mL). Hie test tube was capped and 
then placed on a shaker at ambient temperature for 20 hr. The solvent was ranoved by 
vacuum centrifugation. The residue was purified by semi-prepanitive HPLC using die 
method described above. The products were verified by accurate mass and NMJL The 
table below shows die structure of the fiee base and die observed accurate mass 
(M + IQ. . 
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Example 
Number 


Structure of Free Base 


. Accurate Mass 
(obs.) 


30 


NH, 


508.2349 


31 




514.1924 


32 






526.2241 
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Example 
Number 


Structure of Pre Base 


Accurate Mass 
(obs.) 


33 


(J 


7 


533^315 


34 


(J 




538.2477 


35 


F 


544^166 
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ExampI 
Number 


Structure of Free Base 


Accurate Mass 


36 


> 


I 






559^493 


37 


U 






... ■ 


566^166 (1) 


38 








592^144 
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Example 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 


39 


^^^^^^^^ 


655.3173 



Examples 40 -49 

Part A . 

5 A solution of <ei;t-bu^l2-{2-[(3-aminoqum . , 

yl)ainino]etho^}ethylcaibainate (6.92 g, 20.0 mmol) in 100 mL of toluene was treated 
with triethylorfliofomuite (4.65 mL» 28.0 mmol) iand the reaction mixture was heated tb 
letlux. A 100 mg portion of pyridinium hydrochloride was then added and refhudng was 
continued for 2 h. The reaction was tticn concentrated to dryness under reduced pressure. 

10 the residue was dissolved in 200 mL of CH2CI2 and washed witti saturated NaHCCh, IbO 
and brine. The organic portion was dried over NaiS04 and concentrated to give a green 
• ofl. The green oil was dissolved in 200 mLofhotMeOH and treated with 10 g of 
activated charcoal. The hot solution was filtered and concentrated to give 5.25 g of tert- 
butyl 2-[2-(l//-imidazo[4,5-clquinolin-l-yl)etiioxy]efhylcaibamatB as a ligjit yellow 

15 syrup. 
Parte 

A solution of tot-butyl 2-[2-(l/f-imidazo[4,5-c]quinolin-l- 
yl)etiioxy]e%lcarbamal€ (5.25 g, 14.7 mmol) m 200 mL of CHiQa was treated witii 
MCPBA (77%, 3.63 g, 16,3 pnnol). After stirring ovemig^ tiie reaction mixture was 
20 treated with saturated NaHCX)) solution and tin lifers were separated. The organic 

portion was washed wifli HiO and brine then dried over Na2S04 and concentrated to give 
4.60 g of rcFt-butyl 2-[2-<5-oxido-l^-imidazo[4,5-c]q[uinolin-l-yOetiioxy]etiiy^ 
as a light brown foam. 
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Parte 

A solution of rer/-butyl 2-[2-(5-oxido-lfl"-inudazo[4,5-c]qumoKn.l. 

yI)ethoxy]ethylcaTbamate (4.60 g. 12,4 nunol) in 150 mL of U-dichlorocthane was 

heated to 80 *»C and treated with 10 mL of concentrated NH4OH solution. To the rapidly 

stirred solution was added solid p-tolucnesulfonyl chloride (2.71 g, 14.2 mmol) over a 10 

min period. The reaction mixture was treated with an additional 2 mL of concentrated 

NH4OH solution and then sealed in a pressure vessel and heating was continued for 3 h. 

TliereactionnuxtuicwasflicncoolcdandtrcatBdwiA Thercaction 

taixture was then washed with H20, 1% Hti2(Xh solution (3X) and brine. The organic 

portion was dried over Na2S04 and ccHicentrated to give 4.56 g of tert-butyl 2^2^4^ 

amino-liy:iniidazo[4,5K:]quinolin-l-y0e&o3^]e%lc^^ as a Ught blown foam. 
PartD 

Tert-huty\ 2-(2-(4-amino.li/.imidazo[4^-e]quinolm.l-yl^ 
(4.56 g, 123 mmol) was dissolved in 100 mL of EtOH and treated wifli 30 mL of 2M HQ . 
15 in EtOH and tiie mixture was heated to reflux with stirring. After 3 h, the reaction mixture 
was concentrated to give a solid The soUd was triturated with hot EtOH (100 mL) and 
filtered to give the product as the iQ^drochloride salt Ibe firce base was made by 
dissolTOig the hydrochloride salt in 50 mL of H2O and treating with 5 mL of concentrated 
NH4OH. Tlie aqueous suspension was extracted with CH2a2 (5 X 50 mL), TTie 
combined organic layers were dried over Na2S04 and concentrated to give 1 .35 g of l-(2- 
(2-aminoeflioxy)ethyl].l/r-imidazo[4,5^]quinolin4^ as a tan powder. 
MS272(M + H)*; 

'H NMR (300 MHz. CDQa) 8 7.98 (d. > = 82 Hz, 1 H); 7.88 (s. 1 H); 7.84 (d.y - 8.4 Hz, 
1 H); 7.54 (m. 1 H); 7,32 (m. 1 H); 5.43 (s, 2 H); 4.74 (t, / » 5.2 Hz, 2 H); 3.97 (t. 7 = 5.2 
25 Hz, 2 H); 3,42 (t, / = 5. 1 Hz. 2 H); 2.78 (t, J « 5,1 Hz, 2 H); L 10 (br s. 2 H). 
PartE 

The compotmds in the table below were prepared according to the synthetic 
metiiod of step (7) of Reaction Scheme n above using tiie following general method. 

l-[2-(2-Aminoethoxy)ethyl]-l/r-imida2o[4,5-<:]qunK)lin-4«arnm (20 mg) and 1- 
mefliyl-2-pyrrolidinono (5 mL) were combmed in a test tube and then heated and sonicated 
to provide a solution. The sulfonyl chloride (LI eq.) was then added to the test tube. The 
test tube was capped and then placed on a shaker at ambient temperature for 20 hr. The 
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solvent was removed by vacuum centrifugatioiL Thetesidu was purified by semi- 
piepaiative HPLC using the mefliod described above* The products were verified by 
accurate mass and NMR. The table below shows die structure of the fixe base and Hie 
observed accurate mass (M + H). 



Example 
Number 


Structure of Free Base 


Accurate Mass 








40 




392.1781 




















41 




412.1468 








42 




430.1348 
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Example 
Number 


Structure of Free Base 


Accurate Mass 








43 




442.1572 


44 




448.1259 


45 




462,1571 
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Example 
Number 


Structure of Free Base 


Accurate Mass 
. (obs.) 








46 




480.1274 


47 : 




488.1722 














48 




490.1224 
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Example 


Structure of Free Base 


Accurate Mass 




















49 




496.1230 










X 





Example SO 
N'{10-(4^ammo-2-me%l-li7-umdazo[4^ 

S-dimetfaylaminonapliflialene-l-sulfoiu^ 
NHj 




PartA 

4,7-Dioxadecane-l»10-diamme (32.6 0.185 mole) in acetonitrile (100 znL) was 
chilled in an ice balb. To diis was slowly added diopwise dansyl chloride (5 g, 0.0185 
mole) dissolved in acetonitrile (60 mL) over a 20 min. period. Stiiring in an ice bath was 
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contmued for 1 .S hi. The teaction tnixtuie was poured into water (about 300 mL) and 
extracted with dichloidmettane (2x 100 mL). The combhied extracts were washed widi 
water and dried to give an oil. The oil was i3Uiified by column chromatography (silica gel 
elutmg with acetonitrile containing mcreasing amounts of etfaanol) to provide 4.6 g of N- 
5 (10-amino-4,7-dioxadecyl)-5-dimethylaminoui^fadialene-l-8ulfonaniide as a viscous oil. 

'H-NMR (500 MHz, CDQj) 1.65 (2H, quin), 1.75 (2H, quin), 2.80 (2H, t, 6.59 Hz), 2.87 
(6H, s), 3.03 (2H, t, 6.1 Hz), 3.43 (2H. m), 3.47 (2H, m), 3.52 (2H. m), 3.59 {2H, t, 6.22 
Hz), 7.18 (IH, d. J = 7.08 Hz)), 7.56 - 7.49 (overlapping multiplets, 2H), 8.24 (dd. IH. J « 
10 1.2, 7.3 Hz), 8.31 (d,lH), 8.53 (d,lH). 
PaitB 

A solution of 2,4-dichloio^3-mtroquinoline (2.71 g, 0.01 15 mole) in toluene (100 
mL) was cooled to 0 - SV, in an ice bath. Triethylamine (1.5 g) was added in one portion. 
A solution of N-(10-aniino-4,7-dioxadecyl)-5Hdtme%laminonaphtfaaler^ 

1 5 (4.6 g, 0.01 1 59 mole) in toluene (60 mL) was added drq)wise while maintainmg the 
temperature below 10^. The reaction was stirred at 2 - 5X f or 4 hrs and at a room 
temperature of 21%^ overnight (18 hours). Thin layer chromatography (dichloromethane: 
ethanol) showed a trace of the amine starting material, but was mostly a bright yellow spot 
at tbe solvent front assumed to be the addition product The toluene was removed by 

20 rotary evaporation to provide a viscous oil. The oil was purified by column 

chromatography (silica gel, dichlorometfaane/ethanol) to provide 2.4 g of N-[10-(2-chloro- 

3-nitio-4-quino1inyI)anuno^,7-dioxadecyI> 

5-dimethylaminon8phtfaalene-l-sulfonainide. 

25 *H-NMR (CDQa) 1.62 ^H, qum). 2.05 (2H. quin). 2.87 (6H. s), 3.03 (2H. m\ 3,47 (4H. 

m), 3.55 (2H, m). 3.65 (2H, m), 3.73 (2H, t, 5.37 Hz), 5.75 (IH. t, 439 HzJffI). 6.91 (IH. 

t. 4.76 Hz, NH). 7.15 (IH, d, 732 Hz), 730 (IH. m), 7.50 (2H. overlapping t), 7.62 (IH, 

m), 7.82 (IH, d, 7.44 Hz). 7.88 (IH, d, 8.54 Hz), 922 (IH, m ), 8.29 (lH,d, 8.42), 8.52 

(rH,d.8.06Hz). 
30 Parte 

Material from Part B (2,2 g, 0.00357 mole) was dissoWed in ethanol (1 50 mL). 
Catalyst (about 1 g of 5% Pt/C) was added and fiie mixture was hydrogenated using a Pan 
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10 



apparatus for 30 minutes. TTiin layer chromatography (ethyl acetate: hexane 1:1) showed 
liiat the rcacti n was c mplcte. The reaction mixture was filtered to remove the catalyst 
and the filtrate was evaporated to provide a sticky solid which was shown by NMR to be 
crude N^10-(3-anuno-2sjhloro-4-quinolinyl)amino-4,7-dioxadecy^^^^^ 
dimethylaminonaphftalene-l^fonamide. It was used without fiirther purification. 

'H-NMR (500 MHz, CDCl,) 1.60 (2H. quin). 1.90 (2H. quin). 2.87 (6H. s. NMe^). 3.00 
(2H, br s), 3.45 (4H. m). 3.53 (2H. m). 3.62 (2H. t. 5.fi2 Hz). 3.71 (4.30 (2H.brs.NHi). 

5.85 (lH.br 8. NH).7.11(lH.d.J-7.32 Hz). 7.35 (lH.m).7.44 . 7.48 (3H.in). 7.82 (IH. 
d). 8.18 (IH. dd, J = 1.1. 7.2 Hz), 8 JO (IH. d. 8.66 Hz). 8.49 (IH. d. 8.54 Hz). 
"C-NMR (125 MHz) 28.48 (CHj). 30.08 (CH,), 41i>3 (CHj). 45.27 (CHj). 45.28 (CH^, 
69.75 (CHi). 69.83 (CHz). 70.08 (CH,), 70J8 (CHj). 114.99 (CH). 118.84 (CH), 120.84* 
(CH). 123.02 (CH). 123.50 (Q . 125.67 (CH). 126.22 (CH). 128.01 (CH). 128.57 (Q 

^2.8.67(CH).12?.22(CH).129.52(C).129.74(C).130.09(CH).134.72(C^ 
15 141.82 (Q, 142.03(C). 151.75 (Q. " 
PartD 

A portion (1 g, 1.708 mmoO of liio material fijom Part C was dissolved in 
tBtrahydrofunm (30 mL) and then cooled in an ice^ to about 5^. Freshly distilled 
acetyl chloride (0. 13 g, 1.78 nunol) was added with stirring. TTie ycHow solid which 
immediately precipitated was isolated by filtration and washed wifli tetrahydrofiiraa 
Standing in air gave an oily soUd (possibly hygroscopic). FAB (fast atom bombardment) 
mass spectrum suggested that diis was the desired N-(10K3-acetanrido.2-chloro-4- 
quinolinyl)amino^.7Hlioxadecyl]-5-dimethyhuninonaphthdene-l^mlfonamide 
hydrochloride togcflicr with an undetermined amount of starting material TWssoHdwas 
25 carried on to Part E wifljout additional purification. 
PartB 

Tlie crude salt fiom Part D was dissolved in dry methanol containing 7% ammonia 
(20 mL). The solution was heated at 150^ In a bomb for 6 1/2 hrs. TTie reaction mixture 
was cooled and tiien concentrated. Tbe lesidae was combined with acetone. UndissoWed 
material was removed by filtration. The fittnte was concentrated and the residue was 
purified by column chromatograplQr (silica gel; edianol/dichlorDmetliane) to provide 0.45 
gofabrownoiL 



20 



30 
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'H-NMR (400 MHz, CDOa) L53 (2H. t, 7.08 Hz), 2.05 (2H, m), 2.45 (3H, s). 2.70 (6H, 
s), 2.90 (2H, t, 5,98 Hz), 3.30 (8H, br, m), 4.40 (2H. t. 6.59 Hz), 5.75 (2H, br s NHj), 6.65 
(IH. br s NHS02),7.00 (IH, d, 7.54 Hz), 7.14 (IH, t, 8.06 Hz), 7.30 (3H, m), 7.64 (IH, d. 
5 8.30 Hz), 7.88 (IH, d, 8.18 Hz), 8.06 (lH,.d. 7.33 Hz), 8.24 (IH, d, 8.54 Hz), 8.36 (IH, d, 
8.55 Hz), 

This material was dien purified by high perfonnance liquid chromatography using 
a Bondapak G18 12.5 nm reverse phase column (avaOable from Waters, Milford, MA) 
eluting widi a composite gradient of acetonitrile in water to provide the desired product 

10 

CnOKD^ INDUCTION IN HUMAN CELLS 
An in vitro human blood ceU system is used to assess cytokine induction. Activity 
is based on die measurement of interferon and tumor necrosis fictor (a) (IFN and TNF, 

15 respectively) secreted into culture media as described by Testennan et al. In "Cytokine 
Induction by the ImmunomodulatDis bniquimod and S-27609". Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 
Blood Cell Preparation for Culture 

Whole blood from healtiiy human donors is collected by venipuncture into EDTA 

20 vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated from whole 
blood by density gradient centrifugation using Histopaque€>-1077. The PBMCs are 
washed twice with Hank's Balanced Salts Solution and then are suspended at 3-4 x 10^ 
cells/mL in RPMI coQq)letB! The PBMC suspension is added to 48 well flat bottom sterile 
tissue culture pktes (Costar, Cambridge, MA or Becton IMckmson Labwaie, Lincobi P^ 

25 NJ) containing an equal volume of RFMI complete media containing test compound. 
Compou* ^^ 

The compounds are sohibilized in dimethyl sulforide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1% for addition to die culture 
wells. 
30 Incubation 

The solution of test compound is added to the first well containing RPMI complete 
and .aerial dilutions are made in the wells. The PBMC suspension is ^en added to the 
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wells m an equal volume, bringing the test compound c ncentrations to the desired range. 
. Th final concentration of PBMC suspension is 1.5-2 X 10^ cclls/mL. The plates aie 
covered with sterile plastic lids, mixed gently and then incubated for 1 8 to 24 horns at 
37**C in a 5% carbon dioxide atmosphere. 
S Separation 

. Following incubation the plates are centrifuged for 5-10 minutes at 1000 ipm 
(~200xg}at4^. The cell-fiee culture supernatant is removed with a sterile 
polypropylene pipet and txansfezred to sterile polypropylene tubes. Samples aie 
maintamcd at -30 to -70*C untU anafysis. The samples are analyzed for interferon-a and 
10 for tumor necrosis fectoTHX by ELISA. 

Interferon (a^ and Tumor N ecrosis Factor (d) Analysis hv ET JS/^ 

Interferons concentration is determined by ELIS A using a Human Multi-Species 
kit &om PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in 
pg/mL. 

15 Tumor necrosis fector-a concentration is determined using ELIS A kits available 

fiom Genzyme, Cambridge, MA; R&D Systems, Minneapolis, MN; or Fhanningen, San 
Diego, CA. Results are expressed in pg^mL. 

The table below lists &e lowest concer^tration found to mduce interferon and the 
20 lowest concentration found to induce tumor necrosis &ctor for each compound A 
indicates diat no mduction was seen at any of the tested concentrations; generally the 
highest concentration tested was 10 or 30 |iM. 



cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration OiM) 


Number 


Interferon 


Tvmox Necrosis Factor 


3 


0.01 


0.12 


6 


0.001 


1 


1 


0.01 


1 


8 


0.01 


1 


9 


0.1 


I 
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Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration (|iM) 


Number 


Inteiferon 


Tumor Necrosis Factor 


10 


1 


10 


11 


I 


10 


12 


0.1 


10 


13 


1 


10 


14 • 


1 


10 


15 


10 


10 


16 


I 


10 


17 


1 


10 


18 




10 


19 


« 


10 


20" 


1 


10 


21 


10 


10 


22 


0.0001 


10 


23 


0.0001 


10 


■ 24 


0.0001 


10 


25 


0.0001 


* 


26 


0.01 


10 


27 


0.1 


1 


28 


O.l 


1 


29 




10 


30 




10 


31 




10 


32 




1 


33 




1 


34 




I 


35 




I 


36 




10 


37 


0.1 


1 
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Cytokme Induction in Human Cells 


Exanmle 
Number 


-Lowest Effective Concentration (nM) 


A— 

inteiteron 


Tumor Necrosis Factor 


38 




♦ 


39 


1 


♦ 


41 


1 A 


1 




10 


1 
1 


43 


10 


10 


44 


1 . 


10 


45 




« 


46 




* 


47 




* 


48 




10 


49 




10 


SO 


Lll 


* 
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WHAT IS CLAIMED IS; 

1. A compound of flie fonnula (I): 




X is -CHR5-, -CHRralkyK or -CHRs-alkcnyl-; 
Ri is selected from die group consisting of. 

-R4-NR3-S02-R6-alkyl; 

-R4-NR3-S02-R«-alkenyl; 

-Rr-NRr-SOr-IU-aiyl; 

-R4--NRr-S02-RHielcroaiyl; 

-R4-NR3-S02-R7; 

-R4-NR3-S02-NR5-R6-attyl; 

-R4-NR3-SOrNR5-R«-aIkenyl; 

-lU-NRj-SOj-NR^-R^-aiyl; 

-R4-NR3^02-NR5-R<-heteroaiyl; 

-R4-NR3-S02-NR5-R6-heterocyclyl; and 

-lU-NRj-SOj-NHi; 

R2 is selected fiom the group consisting of: 
-hydrogen; 
-alkyl; 
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-atyl; 

-heteroaiyl; 
-heterocyclyl; 
^1-Y-alkyl; 
-alkyl-Y-alkenyl; 
-aUcyl-Y-ax^; and 

- aDcyl or aDcenyl substituted by one or more substituents selected 
fiom the group consisting of: 

-OH; 

-balogei^ 

-N(R5)2; 
-CO-N(Rste 
-CO-Ci-io aDcyl; 
-CXJ-O-CwoaDqd; 

.-Na;' • ■ - 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-axyUand 
-COheteioaiyl; 

Yis-0-or.S(0)(«-; 

Rs is H, C|.io aDcyl, or azylaD^U 

each R4 is independently aDcyl or alkenyl, which may be inteinipted by. one 
or more ^O- groups; or R3 and R4 can join toge&er to fonn a ring; 
each R6 is independently H, Cwo aDiyl, or C240 aDccayl; 
R« is a bond, alkyl, or aOcenyl, which may be intemtpted by one or more 
-O- groups; 

R7 is Ci-io aDcyl; or R} and R7 can join together to form a ring; 
nis0to4;and 

each R present is independently selected fiom flie group consisting of C|.io 
alltyl, Cmo aDcoxy, hydroxy, halogen and trifluoromediyl; 
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or a phaimaceutically acceptable salt thereof. 

2. A compound or salt of claim 1 wherein X is -CH(ancylXal]Qrl>- , wherem the alkyl 
groups can be the same or different 

3. A compound orsaltofclaiml wherein X is -C%-<9Iz-. 

4. A compound or salt of claim 1 wherem X is -CH(C2H5)(CH2>-. 

5. A compound or salt of claim 1 wherein Ra is H. 

6. A compound or salt of claim 1 wherein is aDcyl. 

7. A compound or salt of claim 1 wherein R2 is -alkyl-O-alkyL 

8. A compound or salt of claim 1 wherein Ra and R4 join to form a heterocyclicring. 

9. A compound or salt of claim I wherein Ri is -R4-)*IRr-SOr-Re-aiyl 

10. A compound selected from die group consisting of: 
>K2-{2-[4-amino-2-(2-methoxyethyl)-l/^imida2»(4,5-^]quinolin-l- 
yl]ethoxy}ediyl)metfaanesuIfonamide; 
Ar-^-{2^4-amino-2-<2-meth6xye%l)-6J,8^-tctnaQr^ 
yI]ethoxy} efhyOmeOanesulfonamide; 
i\r-(2-{2.[4-amino-2-p-methoxyethyl)-l/f.imidazo[4,5-c]qu™ 
mett^lmetfaanesulfimamide; 

i\K2-{2-[4^amin<>-2-p.mcthoxyethy^,7,8,9-tetrahydro-l/f-imid^ 
yl]etfaoxy} etfayI)-/Amethyfanethanesulfonamide; 
2-butyl-l-{2-[2-(lJ-dioxidoisothiazoUdm-2-yl)ethoxy]ethyl}- 
li/-imidazo[4,5-c]quinolin-4-amine; and 

N-[10-(4-amino-2-me%l-l/f-imidazo[4,5-c]quinolm-l-y0-4,7HlioM^ 
dimethylaminonaphtfaalene- 1 -sulfonamide; 
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or a phannaceutically acceptable salt flieiB f. 
11. A compound of the fonnula (II) 

NH2 

XX • 

U J X-O-Ri 
(H) 

w»»rem: X is -CHR5-, -CHRralkyl-, or-CHRs^llfcelIyI.; 
Ri is selected from flie group consisting o£ 
-R4-NR3-S02-R«-alkyl; 
" ■ -R4-NR3-S02-R«^alkeiQrli 

-R4-**Rr-SOi-Rff-lieleioaiyl; 
-RH«r-SOr««-lielciocyclyi; 
-R4-NRj-SC)i-R7: 
-R4-NR3-S02-NRrRff^akyl: 

-R4-NR3-S02-NRj-R«-aiyl; 
-R4-NR3-S02-NRs-R«-heteroaiyl: 
-R4-NRj-SOr-NRs-R<-lietero<^lyl;aiid 
-R4-NR3-SO2-NH2: 
R2 is selected fiom the group consistiiig o£ 
-hydrogen; 

-alkeiqi; 
-aiyl; 

-heteroaryl; 
-heteiocy^lyl; 
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-alkyl-Y-alkyl; 
-alkyl-Y-alkBoyl; 
-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
S from file group consisting o£ 

-OH; 
-halogen; 

<:ON(R5)2; 

10 -CO-CMoalkyi;* 

-CO-O-CMoalkyU 
-N3; 

-heteroax^; 

15 -hetenx^yclyl; ' 

-CO-aiyl; and 
-CO-heteioaxyl; 

Y is -O- or -S(0)(M-; 
20 R3 is H, Clio alkyl, or aiylalkyl; 

each R4 is independently alkyl or alkenyl, which may be intenupted by one 

or more -G- groups; orRa and R4 can join together to fonn a ring; 

each Ra is independentty CuioalkyU or C2.10 alkenyl; 

Rtf is a bond, alkyl, or alkenyl, which may be intenupted by one or more 
25 -O- groups; 

R7 is Cmo alkyl; or Ra and R7 can jom together to fonn a ring 

n is 0 to 4; and 

each R present is independently selected firom the group consisting of C|.io 
alkyl, Cmo alkoxy, hydroxy, halogen, and trifluoromethyl; 
30 or a pharmaceutical^ acceptable salt thereof. 

12. A compound or salt of claim 11 wherein R2 is H or alkyl 
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13. A compound or salt of claim 1 1 wherein Ra is -alkyl-O-alkyL 

14. A phannaceutical composition comprising a therapeutically effective amount of a 
5 compound or salt of claim 1 and a phamiaceutically acceptable earner. 

15. A method of inducing cytokine biosynttesis in an animal comprising administering 
a ttierapeuticaUy effective amount of a compound or salt of claim 1 to the anunal. 

10 16. The mefliodofcbim 15 wherein ftecytoldne is IFN-a, 

17. A method oftreating a vird disease in an amnwd comprising admimsterm 
therq)eutically effective amount of a compound or salt of claim 1 to the animal, 

15 18. A mediod of treating a neoplastic disease in an animal comprising administering a 
ther^utically effective amount of a conqwund or salt of claim 1 to ^e animal. * 

19. A compound of the fominla(in): 



20 




wherein X is <m5-alkyl-, or -CHR^-alkenyl-; 

Rt is selected from the group consisting o£ 
-R4-NR3~S02-R«-alkyl; 

NRa-SOi-R^-aDcenyl; 
-Rr-NRj-SOr-Rtf-aiyl; 
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-R4-^3-S02-Rr-hetBroaiyl; 
-R4-NR3-^d2-RHiete«)cyclyl; 
-R4— NR3— SO2— R7; 
-R4-NR3-S02-NR5-R4S-alkyl; 
-R4-NR3-S02-NR5-R6-aIkeiiyl; 
-R4-NR3-S02-NR5-R6-aryl; 
-R4-NR3-S02-NR5-R^-heten)ai>4; 
-IU-NR3-S02-NR5-R«-heterocyclyl; and 
-R4-NR3-S62-NH2; 
R2 is selected fiom the group consisting of: 
-bydxogcii; 
-aDcyl; 
-alkenyl; 

-aiyl; . . > • 

-heteroaxyl; 

-heterocyclyl; 

-alkyl-Y-alkyl; 

-alkyl-Y- alkenyl,. 

-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
fioni the group consisting of: 

-OH; 

-halogw 

-N(R^),; 

-C0.N(Ra)2; 

-CO-Cmo alkyl; 

-CO-O-CMoaDcyt 

-N3; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and , 
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-CO-heteioaiyl; 
Yis -0-or-S(0)o.2-; 
R3 is H, Ci-io alkyl, or arylaDcyl; 

each R4 is iiidq)endently alkyl or alkenyl, which may be interrupted by one 
5 or more -O- groups; or R4 and Racanjoin to form a ring; 

each Rs is independently H, Cm© alkyl, or C2-10 alkenyl; 

Rtf is a bond, or is allgrl or alkenyl. which may be interrupted by one or 

more -O* groups; 

R7 is Ci.to alkyl; or R3 and R7 can join togeflier to form a ring; 
10 n is 0 to 4; and 

each R present is indqiendentty selected fiom the group consisting of Cmo 
alkyl, Ci.]o alkoxy, hydroxy, halogen and trifluoiometlQrl; 
or a pharmaceutically accqytable salt thereof. 

15 20. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound or salt of claim 1 1 and a pharmaceutically acceptable earner. 

21. A me&od of inducing cytoldne biosyndiesis in an anirnal comprising admiiiistering 
a therapeutically efifective amount of a compound or salt of claim 1 1 to the animal. 

20 

22. The method of claim 21 whecem file cytokine is IFN-o, 

23. A method of treating a viral disease in an animal comprising administering a 
therapeutical^ effective amount of a conqxiund or salt of claim 1 1 to flie animal 

25 

24. A method of treating a neoplastic disease in an animal conqnising administering a 
there^utically effective amount ofa compound or salt of claim 1 1 to die animal 

30 
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